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CH A P. XXXVI. 


Of che Ladi 
1. A Ship's Lig, * rr 7 Laſts 
. bs oa nd finking of Bodies in M. 
. Of the aling a in Water. 
=4 Capacity of the Fi pre of a Ship, 
Two Conſiderations in Lading a Ship. 
Why Loaded Ships are apt to fink in Rivers, 
The Weight of Bodies floating on Water. 
The Weight of different Waters. | 
. The juſt Lake for Ships. 
9. thu Ships are 2 iſordered by Storms, 


1 C HA P. XXXVII. 


| of the Art of Navigating or Conducting a Ship, 

| Part I. Page 755. 

1 1. Definition of the Art of ConduFiing 4 Ship, and 
it's Diviſion into four Parts. 

i 2. On what Foundations the Knowledge of the Di- 
885 of the Ship's Coir ſe depends, 


Cc H A P. xxxvlil. 
[ The ſecond Part of the Art of eng a Ship 


age 758. 


1. To find the Points of the Compaſs i in all cas 
2. To make the Sea-Compaſs. 
3. The Number of the Points of the Compaſs. 


4. Of the Variation of the magnetic Needle, and the 
Errors of the Compaſs. 


g. To find the Vurlation of the Needle. 


8. of correcting or reftifying the ua 3 with the 
Sea- Terms thereto yy" 
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7, The Cauſes that alter the natural * the 


Needle. 
C H A P. XXXIX, 


Of the Line of a Ship's Way, Page 771. 
1. One Place North or South of another, has 
the ſame Bea ring to all the intermediate Places. 
2, Two Places lying in the Equator bear Eaſt or Weſt 
from one another, and all the intermediate Places. 
g. Two Places not lying in the ſame Meridian, nor in 
the Equator, do not bear the ſame way from one | 
another, and all the mtermediate Points. 
4. A Ship cannot ſail without being for ſome Time 
directed in one Point of the co mpaſs. 
5. What. Line betwixt two Places is the moſt com- 
modious for a Ship ta ſail. 
6. When @ Ship is to ſail due North or South, ber 
Way is the Meridian of the Places departed from, 
and ſailed to. 
. If a Ship ſail from any Place in the Equator due 
Eaſt or Weſt, ber Way is a Portion of the Equator. 
8. When a Ship ſails from any Place out of the E- 
| quator dueWeſt or Eaſt, ber Way will be the Pe- 
riphery of the Parallel of the Place failed from. 
9. 1f a Ship be to ſail from any Part of the Globe 
not in a Cardinal Point, ber Way is not circular, 
or the Periphery of a Cirdle; 2 a ſolid Curve 


Line, winding, lle a Syiral, in infinite Revolu- 
lions about the Poles. | 


10, A Ship direfled to the Point wherein the Place 
* of Departure bears to the Place ſailed for, will 
never obtain ber Port; unleſs the two Places lis 
in the ſame Meridian, or in the Equator. 
1. When a Ship is to be directed in the ſame, and 
when in different Points, from the ' Bearings of the 
Places ſailed to, ang left, 
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12. The Number of Rhombs.. 8 

13. The Magnitude of the "ſe romy. We 

x4. 11's Paris betwixt equidiſtant Parallels are equal. 

15. Two Places of the Earth being given, to find the 
Loxodromy, or Rhomb, which will be the Ship's 
Way, in ſailing from one to the other 5 and 1e 
Point — 28 is to be directed. | 


of the Kaoatledge of the Place the Ship comes 
to, at any Time of her ſailing; and the Man- 
ner of marking it on the Sea-Chart, . Page 785. 
va A Ship cannot be conducted without knowing the 
Situation of the Place to be ſailed from. 
2. To find the Place the Ship is arrived at, in the 
Chart, or by Calculation. 
3. To conjefture in what Point, and in what Loxo- 
dromy, or Rhomb, a Ship fails.- TRAM bo 
To diſcover, by GC onjecture, what Way a Ship 2 
made. ; 
To obſerve the Latitude of a Place at Sea, 
To m_ the e Y a Place at Sea, 
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Univerſal Geography. 


BOOK II. 


of the Properties of Places on the Wes, | 
| that ariſe from the apparent Motion of . 
the Stars. | 


GC: BA p. XXII. 
PRELIMINARIES. - 


VAQH E have hitherto treated of Geogra- 
MM . 05 phy, abſolutely conſidered; we come 
N — now to the ſecond Part of this Do- 


ctrine, in which we ſhall conſider 
J 0 the Properties of the Earth that 
depend on the apparent Motion 

PWASSZESs of the Sun and Stars, and would 
not exiſt if that Motion did not appear: the Expli- 
cation of which will more properly belong to G- 
YO T. II. — | graphy 


graphy if we ſuppoſe the Earth to move, as in 
Cbap. 6. And for underſtanding hereof we muſt pre- 
miſe the following Definitions and Hypotheſes. 


© DEFINITIONS. 


1. THE Ariificial Terreſtrial Globe is a Globe 
made by Art, on whoſe Superficies the Parts of 
Earth are repreſented, in their proper Places, in 
the ſame Proportion which the Globe's Superficies 
hath to that cf the Earth. _ 

A Map, or Geographical Table, is a plain Figure, 
in which is repreſented the Situation of the Fark 
of the Eatth's Eatface and is uhiver/al or particular: 
the one ſhows the whole Superficies of the Earth; 
the other a Part only. Some of them are made 
by ſtrait, others by curve Lines; both repreſent- 
ing the Peripheries of Circles on the Earth. The 
Compoſition both of Globes and Maps we ſhall 
ſhow at the end of this Book ; for it cannot be 
yet underſtood. _ 1 Sid =P ha 

2. THE Poles of the Earth are two fixed 
Points diametrically oppoſite, at the ends of the Axis, 


about which the Earth revolves; and are exattly un- 


der the 1wo Points in tbe Heavens about which the 
Stars ſeem io r&volve. The Pole that is under the 
Bear is the North, or Arctic Pole; the other the 
South, or Antartic Pole : which is better under- 
ftood by ſeeing them on the Globe than by Words. 
3. THE Equitor is the Periphery 6f a great 
Circle on the Earth, equally diſtant from the two 
Poles, and is called the Equinoctial Line, or the 
Line, by Sailors in the way of Eminence; and to 
it are all the Circles (deſcribed by the diurnal Mo- 
tion of the Stars) parallel; and therefore the E- 
quator is that on which their diurnal Motion is 

h TITEL 3 
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4. THE Circles called Parallels to the Equator, 
are the leſſer Peripheries parallel to it. On the 
artificial Globe the Equator is more conſpicuous 
than the Parallels or Circles of Latitude, and is 
divided into three hundred and ſixty Degrees. 
THESE may be alſo ſhown on the Univer/al 
Geographical Maps, whoſe curve Lines meet in the 
Poles. Thoſe Maps that have only ſtrait Lines have 
not the Poles, but the Meridians are ſuppoſed to 
terminate in them. The Equator in both is a 
ſtrait Line cutting the Meridians at right Angles, 
tho*-in ſome particular Maps, of Aſia and Europe, 
tis curve; and alſo the Parallels are curve in cur- 
vilineal Maps, and trait Lines in others. 
5. THE Ecliptic is alſo a great Circle in the 
Heavens, which the Sun deſcribes by it's annual 
Motion: and tho? *tis not proper to the Earth; 
yet *tis drawn on the terreſtrial Globe, and is ſeen 
on Maps, becauſe of it's great uſe. 
6. THE Tropics are two Circles parallel to the 
Equator, as far from it as the Sun goes towards 
the Poles ; which is twenty three Degrees twenty 
nine Minutes, being the Angle the Ecliptic makes 
with the Equator; the one is called the Tropic 
of Cancer, on the North Side of the Equator ; the 
other of Capricorn, on the South Side. They are 
marked on the Globe and Maps by a double Line, 
with their Names. And the Polar Circles are 
two Parallels, as, far from the Pole as the Tro- 
pics are from the Equator, called Aric and An- 
tarfic. The Circles hitherto explained do not de- 
pend on certain Places as the following do. 
. THE Meridian of a Place on the Earth is 
the Line that paſſes from the North, over the 
Place to the South; above which when the Sun 
comes *tis Mid-day there, or the middle between 
Sun riſing and ſetting. | 
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THE Meridian of a Place paſſes thro? bank the 
Poles of the Earth. 

THERE are Meridians drawn on the Globe 
cutting every tenth or fifteenth Degree on the 
Equator; and the Meridian of Braſs repreſents them 
all, z. e. if any Place is brought under it, it will 
be the Meridian of that Place. 

IN right lined Maps the Meridians are ſtrait 
Lines from the Top to the Bottom; but in curve 
lined Maps they are curve, and meet in the Poles. 

8. THE Horizon of a Place is a great Circle in 
the Heavens, which divides the viſible Part of the 
Heavens from the invifible Part; and is called the 
rational Horizon, to diſtinguifh it from the viſible 
Horizon, which terminates our Sight round us; 
which is but a ſmall Circle, and but improperly 
called the Horizon. It hath no fixed Place on the 
artificial Globe; but the wooden Circle; which 
ſuſtains the Globe and braſs Meridian, repre- 
ſents every Horizon, when the Place is at the 
Top, as ſhall be ſhown; and 'tis called the wooden 
Horizon. 

THESE Definitions are neceſſary to the un- 
derſtanding what follows. We muſt alſo know 
from Aſtronomy how the Sun and Stars move. 

1. THAT is the firſt Motion common to them 
all, by which in twenty four Hours they go round 
the Earth when they riſe, paſs the Meridian and 
ſer, and riſe again; and they therein ſeem to de- 
ſcribe every Day Circles parallel to the Equator ; 
as moving all on the Axis of the Earth; and thus 
they move fifteen Degrees on the Equator, and 
every Parallel, every Hour; which is the twenty 
fourth Part of three hundred and ſixty Degrees 


round, as appears by the horary Circle of Braſs 
fixed 
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fixed on the Meridian, at the North Pole, whereon + 
the Index points to the Hours, as the Globe re- 
volves. N Tor: 
IHE ſecond, and proper, or annual Motion 
of the Sun, is that by which the Sun (or the Earth) 
moves from Weſt to Eaſt; which is againſt the 
firſt Motion. The Time or Number of Days in 
which the Sun returns to the Point from which it 
came, is called a Vear; which is three hundred 
and ſixty five Days, and about a quarter of a 
Day. The Path of this ſecond Motion is called 
the Ecliptic, which is divided into twelve Parts, 
called Signs; for Aſtronomers have obſerved thoſe 
Stars or Conſtellations of the Heavens, thro' which 
the Sun paſſes, and from theſe the twelve Signs 
receive their Names. And becauſe they are all 
Animals, therefore che Eclptic is called by the 
Antients the Zodiac. But properly the Ecliptic 
is in the middle of a Belt, which is ſixteen De- 
grees broad; in which all the other Planets move 
from Weſt to Faſt; ſome nearer, others further 
from the Ecliptic. The Names of the Signs are 
comprehended in theſe Verſes. 


* 24 March of IL S 21 June Sl. ny 
Sunt Aries Taurus Gemini Cancer Leo Firgo 


= 21 Sept. m + [a &; v 21 Dem, 33 | 
Libraque Scorpius Arcitenens Caper Ampbora 


3 
Piſces. 


Arritenens is alſo called Sagittarius, Caper Capricor- 
nus, and Amphora Aquarius, The Ecliptic cuts the 
Equator obliquely, and ix's greateſt Diſtance is a- 
bout thirty three Degrees thirty Minutes; and 
where the Ecliptic cuts the Equator, which is 
in two Points, the Ecliptic begins at one of them, 
B 3 and 


2 
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and the Sun in any one of theſe two Points makes 
the Days and Nights equal in all Places; and then 
Spring and Summer begins; the Spring at the firſt 
of Aries, and the Summer the firſt of Libra; and 
tho? two thouſand Years ago the Signs were where 
the following ones are now, that is, they are gone 
backward, yet they retain their Names rg 
regard to che Stars they left. | 

EACH of theſe twelve Signs is divided into 
thirty Degrees and the Sun moves fifty nine Mi- 
2 eight Seconds each Day, by going thro* 
three hundred and ſixty Degrees in the Ecliptic, in 
three hundred ſixty five Days and a quarter 3 or 
we may reckon it a Degree in a Day: nor is there 
need for greater exactneſs in a ſmall time, eſpe- 
cially when the Deſign is only to inſtruct others. 
Likewiſe there being twelve Signs in the Eclipric, 


and twelve Months in the Year, it goes thro* a 


Sign in a Month; but enters not the Sign in the 
beginning of the Month, but about the twenty firſt 
Day, according to the Gregorian Calendar, or the 
eleventh according to the Julian, viz. into Aries, 
March the twenty firſt, and the twenty firſt of 
April into Taurus, Cc. or a little before, or after, 
the twenty firft Day. But if we would have the 
exact Knowledge of the Sun's Place it muſt be 
calculated from Tables, or taken from an Epbeme- 
7is: if one have a Globe it's Place may be nearly 
found on the wooden Horizon ; if not, they may 


ſuppoſe the Sun enters each Sign on the twenty 
Art Day of the Month, and then count to the 


reſent time how much is gone ſince; but they 
muſt be well. acquainted with the Signs, and know 
in what Month. the Sun enters any Sign. Thus the 
twenty fifth of March the Sun is in the fourth 
of Aries. "Thus Students ought to know where 
the Sun is in the Ecliptic ; for tis mean in a Man 


of Letters not to know ſo much; whilft the Sea- 
8 ſons, 
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ſons, and length of the Day and Night depends 


on che Sun's Place, And ſeveral other things that 
* uſe ful in Life. [0340544 h | . 
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Pole. 


| PROPOSITION J. 


the | Laiitide 30 4 Place, is it's Diſtance fron the 
„ Aualer. = 


, Ht. 8 Diſtance is meaſured by: an "Ari 1 
che Place in the ſhonteſt way to che Equa- 
tor, or an Arch of the Meridian of Fane: Place, 

from the Place to the cpp. | 
| BUT the Latitude of the Earth is it's Ex- 
tenſion on the Superficies | from one Po e to the 
other; and it's Longitude is it's Extenſion from 
the Weſt by the Eaſt to the Weſt again, which 

is the Equino6tial Line: but tis better not to 

—_— tele Senſes in Geography. 


PROPOSITION U. 


* Elevation of the Pole above the. 8 


Place is an Arch of the YO OO. ; A, Alber 
Pole ey! the Horizon, | 


5 Ir andy be faid, "tis an Arch. of the Meridhn 
on che Karth, or in the Heavens; but ' tis better re- 


B 4 ferred 
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ferred to the Earth, ſuppoſing the Earth to cauſe - 
the firſt Motion ; yet the Definition is referred by 


Aſtronomers to the celeſtial Meridian; * the 
imaginary Pole there. 


PROPOSITION III. 


Having the Latitude of a Place on the Globe in De- 
grees and Minutes ; if it be a large Globe; to find 
the ſame Latitude in Geographical Maps. 


ON the Globe : bring the Place to the: braſs 
Meridian, and count the Degrees from it to the 
Equator, and it will be the Latitude ſought. 

IN Geographical Maps: if it be a_right-lined 


one, draw a Line through the Place parallel to the 
_ Equator; and the ends of that Line on the Mar- 


gin ſhow the Latitude. 
BUT if it be with Lines, and not any Line 
aſſing thro* the Place, fix one Foot of the Com- 


paſs in the Place, and the, other in the Pole of 


the Map; and deſcribe a parallel Circle, which 
will cut the Degree of Latitude on the Margin 
that incloſeth the Map P, or on the Sides of it, if 
the other Parallels be deſcribed from the Pole, 
and at the ſame time you'll have it's Diſtance from 


the Pole. 


PROPO SITION I. 


A Place being given on the Superficies of the Globe, 
how to place the Globe ſo as that the wooden Horizon 
may be the Horizon of the Place. 


FIND the Latitude of the Place, and elevate 
the Fole according to it ; and then bring the Place 
to the braſs Meridian, and i will be at the Top 
of 12 Globe ; z and therefore the wooden Horizon 


will | be ninet De rees from it every way. 
ff & PROP 0. 
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PROPOSITION V. 


The Latitude of a Place 1s equal. to the Elevation of 
the Pole above the Horizon of that Place; which 
is thus demonſtrated. 


| LET C be the Center of the Earth, (Fig. 30.) and 
L the Place brought to the Top of the Globe or 
Zenith, and P the Pole, HPLZ will be the 
Meridian, HZ a Diameter of. the Horizon, P H 
the Elevation of the Pole, and Q T the Diameter 
of the Equatgr, where the Meridian and Equator 
cut one another; then PQ will be a Quadrant, 
or ninety Degrees, P being the Pole of the Equa- 
tor; and alſo LH will be ninety Degrees, L be- 
ing the Pole of the Horizon; then LH is equal 
PQ, and LP. being taken from both, — re- 
374 PH, LQ. will be equal. 


COROLLARY. 


THE Latitude of the Place being given;; there 
is known the Elevation of the Pole. 5 


PROPOSITION VI. 


Having the Latitude of one place, to find all the other 
| Places that have the ſame Latitude. 


ON the Globe: bring the Place to a Degree on 
the braſs Meridian, and placing a Pencil] there, turn 
the Globe, and the Pencil will deſcribe a Circle 
palling thro? all the Places of the ſame Latitude. 
AND in the Maps: draw a Line thro” the Place 
given that ſhall be parallel to the Equator, and 
it will go thro? all the Places of the ſame Lati- 
tude. But, it be a curvilinear Map, deſcribe' a 
Circle (whoſe Center is the Pole of the Map) that 
ſhall paſs thro? the Place given; and find, as be- 
fore, the ſeveral Places the Circle paſſes through. 
But if not the Place, but the Latitude is given, 
| extend 
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extend he Comp from the Pole to that Degree 
of Latitude on the Side W che _ and ys. 
"A Circle. | | 


PROPOSITION vu. 
| To find 4 fr Line on a you Plane, | 


THERE are Arber ways; 5 the eaſieſt 4 80 
ue a Magnetic Needle which will point North 
and South: but. becauſe in many Places it declines 
from the North, as we fhall ſhow, it will not do 
it accurately ; but if the Declination of the Needle 
Be known, as it is in che chief Places, it may be 
found accurately enough, drawing firſt the Meri- 
dian, whichithe Needle ſhows, hho; taking the De- 

_ -grees.of the Declination with the Compaſſes, ſet 
them to the Eaſt; if the Declination be weſtward'; 
and, vice verſd; then draw a Line from the Point 
they reach to the Center, and it will be a true 
Meridian. | 

THERE is no need of this Pains: if you have 
a Mariner's Compaſs, wherein there is allowance 
made for all Declination in that Place for which 

1 tis made; for they that make the Inftrument, put 

1 the Flower de Luce, which is the Sign of the 

1 North, not guſt above the Needle: but ſo many 

LR | Degrees from it as the Declinatiqn is. 

KI 2. BUT the Meridian Line is found better 

18 by the Stars. Firſt# when the Sun ſhines; ſat up 

1 a Pin perpendicular to a Plane at twelve o Clock, 

| and 4he Shadow will ſhow the Meridian. But 

i — -beckuſe the Hour is not exact enough z er 

h is not perfectly true. 

8. SE ain reien a Plane in the 

Forenoon, and mark the length of the Shadow; 

1 | and in the Afternoon mark again, when the Sha- 

18 dow i is of the ſame Length, and draw a Line * 
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the two Extremities of the Shadow, and biſect it 
by 2 A Line; 3 which will be a meridian 


4. IF the Latitude of the Place be known, 
bo the Sun's Altitude be taken, the meridian 
Line may be found by the Globe, thus. Draw a 

Line firſt on a Plane, and make it the diameter of 
a Circle, and the Line in which the Sun ſeems to 
be; then the Pole being elevated according to the 
Latitude; and the Sun's Place in the  Ecliptic 
marked; and a Quadrant applied to the Top of 
the Globe, with the Sun's Altitude on it marked; 
then move the Globe and Quadrant both, "ill 
the Sun's Place and Degree on the Quadrant meet; 
then ſee how many Degrees on the wooden Ho- 
rizon between the braſs Meridian and the Qua- 
drant, and cut off ſo many on the Circle on the 
Plane, beginning at the end of the Diameter, ei- 
ther to the Eaſt or Weſt, as che obſervation 
was made before or aftennoon, and draw a 
Line from the end of the Arch cut off, to the 
Center, and it will be a meridian Line. But 
it will be eaſier to obſerve the Line in which 
che Sun is ſeen either when riſing or ſetting; and 
bringing the Sun's Place on the Globe to the 
wooden Horizon, ſee how many Degrees between 
it and the North or South, and turn the Line 
on the Plane ſo many Degrocs aſe and it will 
be a hens Line 


PROPOSITION VI. 


To Place the Globe ſo as the braſs Meridian may . 
in the merigian Line. 


F IND a meridian Line on the Plane; 3 
the Globe, and turn it about *till the braſs Me- 
ridian be juſt above it, But this is done * 
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if there be a Mariner's Compaſs under it, which 


hows the North and South Line. 


THUS may Maps be placed alſo due North 
and South; of which there is uſe in Navigation. 


PROPOSITION IX, 


7 0 find # the Latitude of a Place by the Sun or Stars. 


' THO? the Latitude is on the Earth, yet It 


cine be found without the Stars. 


1. OBSERVE how far the Sun is above the 
Horizon, or it's Diſtance- from the Zenith at 
twelve o' Clock; then ſubſtrat the Sun's Di- 
ſtance from the Equator from the Zenith, if the 
Sun be on the South Side of the Equator; but 
add it if on the North Side; and you have the 
Latitude. The Sun's Diſtance from the Equator, 
or the Declination, may be had from it's Place in 
the Ecliptic; or from Tables; or from the Globe, 
bringing the Place to the Sun under the braſs Me- 
ridian, then counting how far it is from the Equator. 

2. IF the Sun be riſing or ſetting you may 
find the Latitude by the Globe. Find the Point 
the Sun is then in, by the Sea Compaſs, which 


Mariners eaſily do, and find alſo the ſame Point 


on the wooden Horizon; and having the Sun's 
Place in the Ecliptic, then raiſe the braſs Meri- 
dian in the North of the wooden Horizon, or 
depreſs it *cill the Sun's Place ſet or riſe on that 
ſame Point in the Horizon; and then ſee how 
much the Pole is elevated, and it will be the La- 
titude of the Place. | 

Note, This Method will not do in the time of 
the Equinoxes, when the Sun is in the beginning 
of Aries or Libra; for then the Sun ſets and riſes 


| in . Places in one Point, i. e. Weſt and Eaſt. 


TAKE the Altitude of the Sun at twelve 


ſet 
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ſet perpendicular, and of it's Shadow, by which 
may be found the Angle at the Termination of 
the Shadow in the Triangle (Fig. 31.) ABC, that 
is, the Angle BCA; foras A i to AC, ſo is 
the Sine of go to the Tangent of the Angle ABC, 
the Sun's Altitude; from which may be found 
the Latitude of the Place, as in the firſt Method; 
and if the obſervation be made at the Equinox, 
then the Sun's Diſtance from the Zenith is the 


Latitude. 
THUS Pliny writes, Chap. 72. Lib. 2. that 


Rome was found in Latitude 41 degr. 25 min. and 


Carthage in Latitude 32 degr. 13 min. 

4. IN the Night-time, when the Stars are ſeen, 
if = take with an Inſtrument the Altitude of a 
Star in the Meridian, and know, from Tables, it's 

Declination; the Latitude may be found as if the 
Star were the Sun; as in the firſt Method: but 
if the Star be between the Pole and the Horizon, 
and the Declination North, the Complement of 
the 'Declination is to be added to the art Alti- 
rude, and it gives the Laticude. 

I the Star be between our Zenith, and the 

South Part of the Horizon; and the Declination 


North ; add the Declination to the Complement | 


of the Altitude, and it gives the Latitude,. as in 
the firſt Method. 

5. IF the Point in which the Star riſes or ſets 
be obſerved, the Latitude may be found. by the 
celeſtial Globe as before; ſuppoſing the Star to 
be the un. 

6. IF you have not a Table of the Declina- 
tion of the Stars, obſerve a Star that neither riſes 
nor ſets, i. e. a circumpolar Star, and obſerve it's 
Altitude at the higheſt and loweſt; and take the 
half of the Difference, and add to the leſſer, or 
ſubſtract from the greater, and you have the La- 


titude, 
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7. THE Altitude of the Pole-Star; will be the 
Latitude of the Place, if taken when two Degrees 
ſeventeen Minutes from the North, eaſtward or 
weſtward ; but if it be at the higheſt, fubſtract two 
Degrees ſeventeen Minutes from it's Altitude; if 
at the loweft on the Meridian, add as much, and 
you have the Latitude. N 


PROPOSITION X. 


Places in the E _ bave no Latitude, both Poles 

Being in their Horizon; if at the Pole; the Place it 
ninety Degrees Latitude, and the Equator is then 
in the Horizon and Places between the Pole and 

the Equator, have a Latitude leſs than ninety. 


THESE are ſo plain as to need no proof: 
PRO POSITION XI. 
If we are at Sea, or Land, and find our Latitude, 
we may ſee on the Globe that Parallel of Latitude 
in which we are: _ 
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Of the Diviſion of the Earth into Zones, and the 


Heavenly Appearences in thoſe Zones. 
PROPOSITION I. 
There ariſes from the annual or diurnal Motion 


_ the Earth, a diviſion of the Earth's Super ficies in- 
40 five Paris, which we call Zones. 


AOR ſeeing the Sun deſcribes by it's Motion a 

Line called the Ecliptic, which cuts the Equa- 
tor in two oppoſite Points, and makes an Angle of 
twenty three Degrees thirty Minutes; it muſt be 


| ſometimes nearer, and ſometimes further from the 
Equator; and thus changes the Seaſons, cauſing 
Heat, Cold, Rain, Wind, in the Places it paſſes 
_ over. 


THE Superficies of the Earth between the two 
Tropics is called the Torrid Zone; and thoſe be- 
tween the Poles and the polar Circles are the two 
Frigid Zones; and thoſe between the polar Circles 
and Tropics the two Temperate Zones, which make 
five Zones ; that between the two Tropics, being 
but one, is the Torrid Zone. | 


PROPOSITION u. 


The Places whoſe Latitude is leſs then twenty three 
rees thirty Minutes lie in the Torrid Zone, 
aud if juſt twenty three Degrees thirty Minutes, 
Ton, they 
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they are under the Tropics, or at the end of the 
Torrid Zone. Thoſe that bave a leſs Latitude 
than ſixty fix Degrees thirty Minutes, and greater 
than twenty three Degrees thirty Minutes, are 
in the Temperate Zone, Thoſe that are in the 
Latitude ſixty fix Degrees thirty Minutes, are at the 
end of the Temperate Zone; and if, in a greater 
Latitude, they are in the Frigid Zone. As in 
Chap. 23. bs 


ALL this is manifeſt. 
PRO POSITION I. 


The Equator paſſes thro* the Iſle of St Thomas in 
the great Bay of Africa, called the Ethiopic Sa; 
and thro? Ethiopia in the South Part of Africa; 
thro* the Indian Ocean; thro* the middle of Su- 
matra, or Taprobane, and the golden Cherſo- 
neſus, or Peninſula of Malacca, and other Iſlands 
in the Indian Ocean; and throe* the Moluccas, 
thro* the Pacific Sea, and the beginning of the 
Province of Peru; thro' the Lake Parime; and 
thro* the Atlantic Ocean to the Iſle of St Thomas. 


T HE Equator divides the Torr:d Zone into two 


equal Parts; and might be called two Torrid Zones, 


one North, the other South. | 
IN the Torrid Zone lie, 1. a great Part of Africa, 
Abaſſia, the Indian Sea, a Part of Arabia, Cam- 
hoia, India, and the Iſles of the Indian Sea, Java, 
Ceylon, Peru, Mexican- Spain, a great part of the 
Atlantic Ocean, the Iſle of &, Helena, Brazil, and 
Nero Guinea. | | 
THE Tropic of Cancer paſſes a little beyond 
Mount Atlas, in the weſtern Shore of Africa, 
thro* the Borders of Libya, and other Places in 
the middle of Africa, and thro* Syene in Ethio« 
zia, 


of Africa, Monomotapa, Madagaſcar, in the In 
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pia, and goes over the Red- Sea, and beyond Sinai 
and Meccd; the Mabometaus Country and Arabia 
the Happy, and then enters the Indian Sea, and 
touches the Bounds of Perſia, and goes thro* Cam- 
baya, India, Camboia, or the Bounds of the King- 
dom of Siam, till it comes to the Pacific Sea; 
and having paſſed that, below the American Cher- 
ſoneſus and California, it goes to the Kingdom 
of Mexico, and then to the Atlantic Ocean, and 
toiiches the Shores of the Iſle of Cuba, and then 
returns to the Weſt Shore of Africa, | 
THE Tropic of Capricorn paſſes thro* but a 
few Places of the Earth; moſt part of it goes over 
the Sea; firſt, thro* the South Part, or the T: * 
lan 

Ocean, New Guinea, the Pacific Ocean, Peru, 
Brazil, and tlie Atlantic Ocean. by 
IN the North Temperate Zone ate many Places 


almoſt all known and inhabited, viz. all Europe, 


Aſia, (except the golden Cher/oneſus, and the Illes 

in the Indian Sea) and a great part of North A. 

merica, and of the Atlantic and Pacific Sea. 
IN the South Temperate Zone are few Places, 


and thoſe not all known, but chiefly there is Sea 


there, viz. a Part of South Africa, of Monomotapa, 
the Cape of Good-Hope, a great Part of the Ma- 
gellanic, or South Land, a Part of Brazil, Chili, 
the Magellanic Streights, and a great Part of the 
Atlantic, Indian, and Pacific Sea. obs 
THE arctic polar Circle paſſes almoſt thre? 
the middle of Iceland, the North Part of Nor- 
way, thro! the North Ocean, Lapland, and the 
Rufſian Bay, Samoeids Country, Tartary, North A.- 
merica, and Greenland. | | 
THE polar antarctic Circle paſſes thro* the 
South, or Magellanic Land, of which we know 


nothing. 3 
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IN the North Frigid Zone are the half of Ice- 
land, the North Part of Norway and Lapland, 


Fe. Samoeida, Nova Zembla, Greenland, Sitz- 


berg, and ſome northern Parts of America un- 
known. 

IN the South Frigid Zone there is either Land 
or Sea, but we know not which. Theſe are all 
ſhown by the Globe or Maps, and are proved 
by the Tables of Latitude made by Obſervations, 


PROPOSITION Iv. 


The Places under the Tropics have only the Sun once 
a Year in their Zenith, and thoſe in the Tor- 
rid Zone twice in the Year, on two Days equally 
diftant from the longeſt Day ; z but thoſe beyond the 
Tropics, and without the Torrid Zone, have never 
the Sun in their Zenith, 


FOR the Sun, being in the firſt Degree of 
Cancer, goes thro' the Tropic of Cancer in the 
Heavens, under which the fame Tropic on the 


Earth lies; and therefore the Sun goes over them, 


and the ſame Way as to the Tropic of Capricorn; 
ds will appear in the Globes and Maps, 
BUT in the Torrid Zone the Sun comes twice 


cover them in a Year, Bring any Place there 


to the braſs Meridian, and applying a Pencil, 
deſcribe a Circle parallel to the Equator ; which 
will cut the Ecliptic in two Points equally. di- 
ſtant from the Tropics : and the Sun in theſe two 
Points will then be vertical to the given Place at 
Mid-day, and on no other Days. | | 

AND. laſtly, it can never be vertical to the 
Places in the Temperate Zone, becauſe no parallel 
deſcribed by the Sun goes over theſe Places; and 
nd it is as to the Frigid ORE. | 


g bro. 
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PROPOSITION V. 


'The Sun doth not fet nor riſe for ſome Days to thoſe 
in the Frigid Zones; and the more thoſe Days are, 
the nearer the Place is to the Pole; ſo that at the 


Pole it ſets not for half a Year, and riſes not all 


| that time: and thoſe in the very arttic and ant- 
arctic Circle have one Day wherein the Sun ſets 
not, and another wherein it riſes not; but at other 

£ times it riſes and ſets. | 


TAKE a Place in the Fri Zone, and ele- 
vate the Pole according to it's Latitude, and ap- 
plying a Piece of Chalk, or a Pencil, to the 
North of the Horizon; that i is, next the Polez: de- 
ſcribe therewith a Parallel, by turning tae Globe 
round, . which will cut. the Ecliptic in two Points, 
into which, and the intermediate Points, when the 


Sun comes it ſets not: for all the Parallels thro? 


theſe Points keep above the Horizon in'the Ro- 
tation of the Globe. And if applied to the oppoſite 
Notch, and a parallel Circle be deſcribed, it will 


_ pals thro' two Points of the Ecliptic; into which 


and the intermediate Points, when the Sun comes it 
riſes not above the Horizon; but it will be other- 


wiſe if the Place be taken in the other Frigid 


Zone. And ſo as to thoſe Places in the arctic and 


antarctic Circle, if the Globe be elevated to ſix- 
ty ſix Degrees thirty Minutes, and the Globe re- 


volved, the firſt of Cancer will then juſt touch 


the Horizon, and not ſet; and ſo will the firſt 


of Capricorn without riſing above it; but in the 


other Degrees of the Ecliptic it will ſer and riſe. 


PP 


/ 


PROPOSITION VID | 


The Sun riſes and ſets every Day to all Places in the 


Temperate and Torrid Zones. 


TAKE any Place in theſe Zones, and elevate 
the Pole to it's Latitude, ſo as the wooden Hori- 
zon may be the Horizon of that Place; then turn- 
ing the Globe, you'll ſee all the Points of the 
0 riſe and ſet: and ſo muſt the Sun in theſe 

Oints. | E 


PROPOSITION vi. 


Having a Place in the Torrid Zone, to find the 129 


Days in which the Sun is vertical to it. 


BRING the Place to the braſs Meridian,. and 
obſerve the Degree of it's Latitude, and turn the 
Globe *till you find the Ecliptic paſs under that De- 
gree in two Places, into which when the Sun comes 


it will be vertical to that Place; then find what 


time, or Day, of the Year the Sun comes to theſe 

two Points, from Tables, or from the wooden Ho- 

rizon, or by the Method Chap. 22. 
*TIS alſo plain in the Univerſal Maps; for 


drawing a Line thro? the Place, parallel to the E- 


quator, it will cut the Ecliptic in two Places alſo; 

from which the two Days may be known. 
BUT, without Globes and Maps, you may find 

the Latitude of the Place in Degrees, and look in 


the Table of Declination for the ſame Number of 
Degrees of Declination, and you'll have the two 
Days anſwering thereto. 


Note, The Sun's Center, which is ſixteen De- 


grees from it's Circumference, will be a few Days 


tfoener, or later, vertical to the Place, than the Cir- 
. Eo cumference 
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cumference, in it's North or South Point at Mid- 


— 


| day. 


ads ion vil. 
4 Place being given in the F rigid Zone, to determine 


. the Days in which the Sun doth not ſet there, nor 
viſe, and when thoſe Days begin aud end. 


oN the Globe. Let the Place be brought to 
the Meridian, and the Pole elevated to it's La- 


titude; then, turning the Globe round, obſerve 


the two Points in the Ecliptic which do not ſet, or 
go under the Horizon; the firſt, that is next to 
Aries, ſhows the firſt Day of it's not ſetting, and 


that next Libra the Day when it begins to riſe, and 


the two Days in which the Sun is in thoſe Points 


the Sun will only touch the Horizon, and it's Cen- 


ter will be a little above it; and thus the Days are 
found in which the Sun will be under the Horizon 
in the oppoſite Part of the Year. 

T HIS may be done eaſier by the Globe, tho 
the reaſon of 1 1 8 not ſo obvious. Find the Comple- 
ment of the Latitude of the Place, and count ſo 
many Degrees from the Equator, and mark what 
Points of the Ecliptic come under that Degree on 


the Meridian, and they will be found to be two 


Points into which, or the intermediate Points, 
when the Sun comes, it will not ſet: and ſo you 
have an Arch, at the South, which ſhows how long 
*tis under the Horizon. L 

AFTER the ſame way in the Maps: ; drawa Line 
thro' the Degree, that is as far from the Equator 
as the Place is from the Pole, and you'll ſee what 
Point it cuts in the Ecliptic; in and 1 — which 
when the Sun comes it doth not ſet: and in the 


South Part you lee how * tis 8 unter the Ho- 
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IF the Latitude of the Place be known, find 
the ſame Degree and Minute in the Table of | 
Declination, and againſt it you'll have the Day 
in which it begins and ends the not ſetting ; and 
other two Days that have the ſame South Declina- 
tion in which it begins and ends the not riſing 
the firſt will be between the twenty firſt of June 


and the firſt of March; the other between the 


twenty firſt of June and the twenty firſt of Sep- 
tember; and one of the laſt between the twen- 
ty firſt of September and twenty firſt of December; 
the other between that, and the twenty firſt of 
March. 

THIS is to be underſtood! of the Sun's Cetiter; 
which is ſixteen Minutes A r and Velo the 


Limb. 


PROPOSITION N. 


Having the Day of the Year, to find thoſe Places i in 
which the Sun will then be vertical. 


FROM the given Puy; find the Sun's Place 
in the Ecliptic- as in Chap. 22. 

BRING the Sun's Place in the Ecliptic under 
the Meridian, and mark the Degree above it; and 
rurning the Globe, obſerve all the Places that paſs 
under that Degree will have the Sun vertical one 
after another : : and in the Maps find the Sun's 
Place in the Ecliptic, and draw a Line parallel 
to the Equator, either ſtrait or curve, as the Map 
is, and all the Places it paſtes aver are thoſe 


ſought. 


BY the Table of Declination find the Degres 
of Latitude of thoſe Places, or, which is the ſame; 
the Degree of Declination that Day; which being 
found, you'll have the Places by drawing a Og 


9 thoſe Degrees. 
e 3  . ROPO- 
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PROPOSITION X. 


tally the Day of the Year, to find thoſe Pe 
which Hy Sun * then not to ſet and not to riſe. 


iven Day muſt be between the twenty 


aut wr farch and twenty firſt of June, or twen- 


ty firſt of September and twenty firſt. of December. 

FIND firſt the Sun's Place for that Day, which 
bring to the Meridian; and as many Degrees as are 
between at and the Equator, count ſo many. from 


the Pole towards the Equator; and draw a pa- 


rallel Circle at that Diſtance from the Pole: all 
the Places within it will ſhow the firſt, i. e. the 
Sun's not ſetting there; and the like being drawn 
as near the other Pole, will include the Places 


where it does not riſe; and the Places under the 


two Parallels ſhow where Wel two Changes be- 
gin. Then, 

TO ſhow the Truth of it; elevate the Pole 
according to the Latitude of any of the Places; 
and it will appear when the Sun's Place in the 
Ecliptic begins not to ſex. and how long it con- 
tinues ſo; and when it begins not to riſe in the 
South Part. The ſame may done by the Maps ; 
taking the ,Declination of the Son” which will 
reach 1 4 the 5 
Sun begins not to ſet; and ſo likewiſe at the 
South. 

AND by the Table of Declination you have 


the Lande of the Places ſought for. 
{PROPOSITION SL; 65 
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THE Breadth of the Torrid Zone js 47 Degr. 

i. e. 23 Degr. 30 Min. on each Side of the Equa- 
tor. The Breadth of each Temperate Zone is 86 
Degr. and of both Frigid Zones 27 Degr. which 
Degrees, if turned to Miles, counting each De- 
gree 15 German Miles, the Breadth of the Torrid 
Zone will be 705 Miles, And one of the Tem- 
perate 645, and one of the Frigid 3525, And 
the Superficies of each is known by this Pro- 


1 portion from Geometry; as the Sine of go 
ik Pegr. 1000000 is to the Site of 23 Degr. 
11 30 Min, viz, 39875; ſo is half the Superficies of 
4 the Earth found in Chap. 4. to be 4639090 ſquare 


| 

| 

| Miles to the Superficies of half the Torrid Zone, i. e. 
| 1849837 ſquare Miles; and therefore the Superfi- 

| cies of the whole Torrid Zone is 3699674 Miles. 
3H THEN as the whole Sine rooooo to the Dif- 
| 
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ference of the Sines of 23 Degr. 30 Min. and 66 
Degr. 30 Min. 5183 J; fo is the half Superficies of the 
Earth or 4639090 ſquare Miles, to the Superficies of 
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one of the Temperate Zones 2404487 ſquare Miles. If 
therefore you ſubſtract the Superficies of half the 
Torrid Zone, and that of the Tinhperate Zone, from 
half the Superficies of the Earth, there remains the 
Supetficies of one of the  Frigid Zones 384766 
Ih ſquare Miles. Some Aftronomers are of Opinion, 
i * that the Declination of the Ecliptic is not always 
the ſame; and therefore wear e the Zones 
is not always the ſame ; but the Differences ſmall : 
and Tycho doubted if there was any. We need 
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See eee 
CHAP. XXV. i 
F the Length of the Day in different Places 97 the 
' Earth, and the Diviſion of the Earth into Climates, 

| which ariſes: Front thence. KL | 

r PROPOSITIONL. 


The Days and Nights are of the ſame' Length twice in 
1 . the Tear in all Places. - Th; 0 


I HESR Days are when the Sun is in the 
Equator, i. e. in the firſt of Aries and Libra, 


on the twenty firſt of March, and twenty firſt of 
September, according to the Gregorian Calendar; 


which Days have twelve Hours Day, and twelve 

Hours Night, in all Places, counting the time the 
Sun is above the Horizon for a Day. eee 
TAKE any Place on the' Globe, and elevate 
it according to it's Latitude, or bring the Place to 
the Zenith; then bring the Sun's Place to the 
Horizon in the Eaſt, and the Index of the horary 
Circle to twelve, and turn the Globe; you will find 
it will deſcribe twelve Hours while the Sun's Place 


is going to the Horizon in the Weſt: it appears 


further from the Horizon's cutting the Equator in- 
to two equal Parts. We might ſhow it the ſame 


way, whatever Place of the Earth be choſen; "And 


the two Poles do thoſe two Days neither riſe nor 
ſet, and they have there Night and Day at once; 
in other Places it turns from Day to Night in an 
Inſtant, but there they laſt together for a whole 


Revolution; 
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Revolution 3 the one half of the Sun being above, 
and the other below the Horizon. On the twenty 
firſt of March begins a Day of ſix Months, and on 
the twenty firſt of September a Night as long; and 
we may ſay, *tis both Day and Night for twelve 
Hours at the Pole, There are other things pecu- 
liar to that Place. | 

1. THE Sun only riſes and ſets there once in 

a Year, it riſes the twenty firſt of March, and 
ſes the twenty firſt of September. | 
2. THEY have no Mid- day and Mid. night 
= a ſer Time; their Mid- day being at all Times 
for ſix Months, and the other {ix *cis' always Mid- . 
n ht. 

4 NO fix'd Stars riſe, and none ſet, but ſome 
are always under, others always above; the for- 
mer of which being never ſeen by the Inhabitants, 
if any there, which is not likely; the latter al- 
ways ſeen for ſix Months if the Weather be clear 
when the Sun is under the Horizon. 

4. TH E Stars and the Sun keep almoſt the 
came Altitude all Day. ret nos 

8 NO Wind can be called chere, 8 
they being all from the South; and in the other, 
the: South Pole, they are all northerly. 

6. IF the Sun and Stars move not according to 
Copernicus, but the Earth, and the Eye, be a Point 
placed in the Pole, all the Stars, and the Sun 
122 Moon, youre aPPear aa in the ſame 


9 


1 Fete PROPOSITION. I. . 


# » 


12 


In "Places under the Hater the. Days and. Nj 8h15 
are always equal; and. at the Poles there is but one 
Day and Night in the Tear; ibo“ the Day at e 
Ned 1 15 Aer alan 4. 808 South Pole. 
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TAKE. any Place on the Globe under the E- 
quator, and any Day of the Year, and mark the 
Sun's Place that Day, and bring the Place to the 
Zenith, the Poles being in the Horizon; and it 
will appear. that that Place, in a Revolution of the 
Globe, will be as long above as under the Hori- 
zon, ſuppoſing it's apparent Motion equal, as in- 
deed it is, And as to the other Part of the Pro- 
ſition; bring the Pole to the Zenith, the one 
alf of the Ecliptic will be above, the other be- 
low the Horizon, but the Sun will be longer above 
than below, for it really moves in an Ellip/is whoſe 
Focus is out of it's Center; or the Earth does ſo, 
which makes the ſame Appearance: there are one 
hundred eighty ſeven Days it continues above, and 
one hundred ſeventy eight below; which makes the 
Day about nine Days longer than the Night. 


PROPOSITION 1. 


There are no Days equal except two in the Places be- 
+ faveen the Equator and the Pole. 


TAK E any Place, and elevate. the Pole ac- 
cording to it's Latitude, and taking any Day, ex- 
cept thoſe two of the Equinoxes, and mark the 
Sun's Place in the Ecliptic for that Day; turn the 
Globe, and you will will ſee the Mark will be 
longer above than below the Horizon, if the Day 
be between the twenty firſt of March, and the 
twenty firſt of September; but if not, it will be 
longer below the Horizon: and the Difference will 
be the greater, the further the Sun is from the E- 
quator. W231 0 VAT TE ve ge 411 

OR bringing the Sun's Place to the Eaſt Ho- 
rizon, and the Hour Hand to twelvo, you will 
ſee, in turning the Globe, the Hours of the Day 
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till the Sun ſet in the Weſt; and it's Continuance 
_ the Horizon. 


PROPOSITION IV. 


4 Place being given, and it's Latitude, to fd the 
r of the * af u Time, 


| 


FEIN D che Sun's Place at that time in the E- 
elizkie;; and elevate the Pole to the Latitude of the 
Place, bring the Sun's Place to:the Eaſt Horizon, 


and the Hour Hand te twelve; you will ſee 


how many Hours: the Sun's Place will take to 

come to the Weſt Horizon ; and ſubſtract them 

— 2 twenty _ and pou. _ . rc of the | 
Ay. F | 


4 PROPOSITION v. 


In all Places between the Equator and North Pole, 
- the Day is longeſt when the Sun is in Cancer, art! 
ſhorteſt Army in Capricorn; but in thoſe Places be- 
teen the Equator, and the South Pole the contrary 
Happens; that: is, 'when: the Sun is in Cancer, the 
Days are en 1 ben i in Ca pzicorn longeſt. 


TAKE a Place oh Pleaſure, aud: elevate the 
Pole according to it's Latitude; find, by the pre- 
ceding Propoſition, the Number of Hours in the 
Day, when the Sun is in the firſt of Cancer; and 


find alſo the Number of Hours for another Part 


of the Ecliptic, which will be found leſs, ge 


ver other Part of the Ecliptic be taken. 


THE. ſame way it may be ſhown, that the Day 
is Horteſt when the Sun is in the firſt of Capricorn. 
And the ſame Method may be taken when pe 
is in on the other Side of the Equator. 7 


COROT- 
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A Place being given, or it's Latitude, to find 
the Length of the longeſt Day : find, as before, 
the firſt of Cancer, and find the Hours it continues 
above the Horizon, by the preceding Propoſition, 


PROPOSITION VL 


The Days increaſe continually in the northern Places 
_ wohile the Sun moves from the firſt of Capricorn 
10 the firſt of Cancer, i. e. from the twenty firſt 
of December, to the twenty firſt of June; but the 
contrary way in South Places, i. e. when it moves 
from Cancer 10 Capricorn, or from the twenty 


firſt of June, to the twenty firſt of December. 


TAKE any Place on the North Side of the 
Equator, and elevate the Pole for that Latitude; 
and take two or more Places in the Ecliptic, and 
you will find that which is neareſt the firſt of Can- 
cer keeps longeſt above the Equator : and the ſame 
will happen as to thofe Places on the South Side of 
the Equator ; if the South Pole were elevated to the 
Latitude, thoſe Degrees neareſt the firſt of Capri- 
corn would be longer above the Horizon. 


PROPOSITION VIL 


Fone Place be further from the Equator than another 
the difference of the longeſt and ſhorteſt Day, and 
between Day and Night, will be greater there; ſo 
as that the Places near the Equator have the longeſt 
and ſhorteſt Day, and Days and Nights but little 
different. They at the North Tropic have only 
two Hours Difference between the. longeſt and ſhort. 
eft Day ; and their Days and Nights nearly equal. 
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THIS will eaſily appear by taking two Places, 
one more northerly than the other, and finding the 
Length of the Day, at two Times of the Vear; for 
one Place, and for the ſame Times in the other 
Place; and alſo the Difference of the Day and Night 
at that time, and you will find the Difference greateſt 
in the Place of greater Latitude, both as to the 
Day and Night, and the longeſt and ſhorteſt Day. 


PROPOSITION VII. 


All the Places in the ſame Parallel have all their Days 
equal, and therefore their longeſs Day equal. 


FIRST elevate the Pole according to the La- 
titude. of any Parallel; then take two Places in 
that Parallel, and bring the one to the Meridian, 
and obſerve how much of it is below, and how 
much under the Horizon; then bring the other 
to the Meridian, and obſerve the ſame, and you 
will find the Difference the ſame in both. This 
might be alſo ſhown by the horary Circle. 

ROM theſe Things may be eaſily underſtood 
the Diviſion of the Earth into Climates. = 

A Climate is the Space included by two Paral- 
lels, between the Pole and the Equator, into 
which when the Sun comes, there is the Diffe- 
rence of half an Hour, as to the Length of the 
Day; in which we may obſerve the beginning of 
Climate in the Parallel neareſt the Equator, and 


the middle when the Day becomes a 4 tag 


longer, and the end in the Parallel from the Equa- 
tor, which is the beginning of the next Climate. 


PROPOSITION IX. 


If we take ſeveral Places, whoſe Parallels are equally 
©  diftant, their longeſt Days will not exceed one ano- 


tber 


CAP. 2 5. of Univerſal Geography. 3 1 
ther equally ; the Difference being greateſt where 
| they are moſt diſtant from the Equator.” _ 


TAKE. firſt one Parallel, and raiſe. the Pole 
to that Latitude, and obſerve the Continuance of 
the firſt of Cancer above the Horizon; then raiſe 
the Pole to the Latitude of another Parallel that 
is ten Degrees from it, and obſerve the Continu- 
ance above the Horizon there, and ſo for another 
thirty Degrees, and forty Degrees; the Continu- 
ances of the firſt of Cancer above the Horizon, will 
not exceed one another equally. _ 

AND what is ſaid of the longeſt Day, or the 


firſt of Cancer, will hold as to any other Day or 


Degree of the Ecliptic. 
PROPOSITION X. 


F in ſeveral Parallels the longeſt Days exceed one ano- 
ther equally, theſe Parallels will not be equidiſtant; 
and thoſe further from the Equator will be nearer 
together. p | 


THIS may be ſhown by ice former; for if 
they were equidiſtant, the Days would not equally 
exceed one another as is ſuppoſed. 


PROPOSITION XI. 


Having the Length of the longeſt Day in any Place, 
to find the Latitude of that Place. \ 


BRING the firft of Cancer to the Meridian, 
and the Index to twelve, and turning the Globe 
till the Index point to the Hour as far diſtant 
from twelve as the Day is long; and mark the 
Point of the Tropic under the Meridian, then 
bring the firſt of Cancer to the Eaſt Horizon, and 
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elevate the Globe till you mark the Tropic in 
the Weſt Side of the Horizon, and the firſt of 
Cancer in the Eaſt Side, and the Degrees of Ele. 
vation ſhow: the: Latitude. F 

THIS Propoſition may be made more gene- 
ral thus; having the Length of the Day in any 
Place, to find it's Latitude. This may be ſolved 


the ſame way, only for the Tropic take a Paral- 


lel that goes thro' the Sun's Place that Day. 
%% (3 <a 
THE Latitude of the Parallels of each Cli- 


mate may be thus eaſily found; for Example, in 
the end of the firſt Climate, the Length of the 
Day is twelve Hours and a half, and of the fecond 


thirteen Hours, &c, 


PROPOSITION XII. 


Havin auy Number of Days lefs than half a Tear; to 
find the Latitude of that Parallel where the Sun 
Heines ſo long to them, and where is hid from them 


fo long. 


TAKE half the Number of Days, and count ſo 
many Degrees from the firſt of Cancer on the Eclip- 
tic, and mark where they end, and count from the 
Mark to the Pole, and you have the Latitude of 
that Place where the Days and Nights will be of 


ſuch a Number of Days. 
FOR if you raiſe the Globe to the Latitude 


found, you will ſee that Point in the Ecliptic, dip 
at the North Part of the Horizon; and all the 
Points between that and Cancer, and as far be- 


yond it, will keep above the Horizon; and ſo the 


. 


Sun in them doth not ſer. 
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THUS tis eaſy to find the Latitude of the Cli- 
mates in the Frigid Zone, where the longeſt Day in- 
creaſes by ſome Days. 


PROPOSITION XIIL 
Jo male 4 Table of Climates. DW 


| THAT is, to find the Latitude, arid the long- 

eſt Day at the beginning, middle, and end, of each 
Climate; and the Diſtance of the Parallels. Firſt 
add ſtill to twelve a Quarter of an Hour; and you 
have the increaſe of the Day for that Climate z then 
from that Length of Day find the Latitude by 
Prop. 11. and, for the Diſtance of the Parallels, 
ſubſtract the Latitude at the end of the one Paral- 
le], from that at the end of the next, more norther- 
ly, The ſame way the middle of the Climate is 
found by adding a Quarter to twelve; and find the 
Latitude for that by Prop. 11. We here add a 
Table of Climates and Parallels; 


Table of Climates and Parallels 

T Paralet| Longet Day| Lamude | Tnervall 

ä Hours Min. Degr.. Min. 
IJIzBegin. | x2 o 
x [Middle 12 15 4 :15.:14-* i 
End _12 30 | 8 25 8 a 
3 Middle | 12 45 | 12 30 
. 
Middle-| 13 153 20 13 = 
5 End 13 3023 30 |7.. 28] 
IMiddle] 13 45 27 40 
+ JEnd | 14 % 20 [6 39 
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- 


| Parallels Longeſt Vay | 2. Tmeroal | 
Hours Min.|Degr. Min. 

„ 1513 01. 
End 14 $6730 e {8 
Middle | 14 45 39 2 | 
End {15 .o1.41 292 j4 54 
| Middle 15 15 43 32 | 3 
End 15 gol 45 2914 _7 
ad: 1 166 "ora 313.3 i 
CC 
Middle 16 45 53 17 — 
End 17 54 27 (2__29] 
Middle 1 1 55 8 34 00 2 
II End | * 30 56 37 2 10) 
Middle 1 TOE + IS 
[End | 7 45 . 

Middle | 38 15 | 59 14 
End 4 18 20 .3.59...50. 
Middle | 18 45 | 60 40 | 
End | 19 e 18. | 
Middle | 19 135 1 555 
End 1 19 30 4 62 25 | | 
[Middle | 19 45 | 62 54 
ERC. . 1 40 ©. oe 2% 
| Middle | 20 15 [63 40 
End 20 30 | 64 6 
Middle 20 45 | 64 36 
End 21 00 64 49 | 
I 17; 4 65-. 0}  } 
End 14 21.20 4. 05 24 
Middle | 21 45 33 
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N Hours Min. Degr. Min. 
Middle | 22 15 | 65 57 

21 [End f 22 30 | 66 6 
22 Middle 22 45 ©. 16 | 
DP. 19 3 oo” Db 1. 
9 Middle | 23 13 | 66 25 | 
23 ed. 1-23- 26.1.6 .9 

Middle 23 45 | 66 30 
Z o | 66 31 | 


= 


THEY uſe not to catry the Table further; 
for, in the Places following, the longeſt Day in- 
creaſes not by Hours, but by whole Days; and 
the following Canon will ſhew the Latitude where 

x | 2 3 
D. M. 


ir increaſes even by Months. 
Months | As | 

Latitude 67 30069 3073 20 8490 
OO PROPOSITION XIV. 


Fo explain the Method of other Geographers in enume: 
rating the Climates, and making the Table. 


4 


78 20 


[Climates Parallels Tone Day | "Latnude Inter val 165 


4 14 
1 
21 | N 


THE antient Geographers, eſpecially the 


Greeks, thought there was but a ſmall Portion of 
of the Earth inhabited; thinking the northern 
Places, and the Torrid Zone, could not be inhabi- 


ted; and therefore they divided only the Part they 


knew into Climates, and counted only fix of them 
from the Equator to the arctic Pole, which they 


named from ſome remarkable Place in their 


Middle; : | | 
by THE 
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THE firſt was thro? the Iſle of Meroe, in Africa, 
or the City ſo called, which is ſurrounded with 
the Nile. | 

THE ſecond thro? Syene, a City in Egypt. 

THE third thro* Alexandria, a ew Fore: in 
Egypt. | 
THE fourth chro⸗ the Iſland Rhodes, in the 
Mediterranean. 

THE fifth thro” the Helleſpont, others thro? 
Rome: 

THE fixth thro' the Boryſthenes, a famous Ri- 
ver in European Sarmatia. 

THE ſeventh thro' the Riphean Mountains 
of Sarmatia. 

THEY did not count any Climates to the 
South, which was unknown, and which many 
chought was all Sea; but others after them think- 

ing that unlikely; they did alſo count Climates 
on the other Side of the Equator; not from re- 
markable Places, for they knew none there; but 
called them, as the North Climates are, with the 
Prepofition Anti before them; as the Climates a- 
gainſt Meroe, or Syene, &c. 

AND when they underſtood that more Parts 
were inhabited, they made more Climates ; ſome 
named the eighth Climate from. the Lake of Maæotis, 
the ninth from the Baltic Sea, Sc. which Names tho 
they are not neceſſary in the Conſtruction of the 
Table, yet may be added to our Table where 
we place the Number of Climates; thus we ſhall 
better remember the Climates, and the Places in 
each Climate, and may compare the Degrees of 

Heat and Cold in them: which we chuſe rather 
to leave to the Induſtry of the Readers, that they 
be the better acquainted with the Globe. 

MOREOVER, they did not begin at the 
E jquator as we do, but at the Place where the 
loageſt Day is twelve Hours three Quarters, - 


. - 
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ſo their firſt is the ſecond in ours, and their ſecond 
our third; for they reckoned that the Places un- 
der nine Degres of Latitude could not be inha- 
bited for the Heat there; but the contrary being 
found, we could. not aſſent to their Method. Pto- 
lemy begins the firft Climate where the longeft 
Day is twelve Hours and a Quarter, or the Lati- 
rude four Degrees fifteen Minutes. Tis no great 
Matter, yet *tis better to begin at the Equator, 
that all Places may be in ſome Climate. 


PROPOSITION XV. 
To ſhow the Uſe of the Table of Climates. 


1. HAVING the Latitude of a Place, to 
know it's longeſt Day, and it's Climates. Find the 

Latitude in the Table, and over againſt it you have 
the longeſt Day, the Climate, and Parallel; if the 
Latitude is not in the Table, take the next a- 
bove, and belaw it. 5 
2. HAVING the Length of the longeſt Day 
in any Place, to know the Latitude and Climate 
in that Place. Find the longeſt Day, and againſt 
it you have both. | Es 

3. HAVING the Climate, to find the longeſt 
Day. This is eaſily found in the Table. 
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CHAP. XXVI 


of T Lig bt, Heat, Cold, and Rains in the different 
— and other Properties belonging to the ſeveral 


Zones. 


PROPOSITIONI. 


The Cauſes that moſt contribute to make "uy Heat, 
Cold, Rains, and other Meteors, and 10 preſerve 
| them in ſeveral Zones, and the naighbouring Places, 


arc. 


HE. greater or leſs Obliquity, or Perpen- 
_ dicularity of the Rays that come on the 
Place. The laſt of which make the greateſt Heat, 
and the other two make more or leſs Heat in pro- 
portion to their Obliquity. 

2. THE Continuance of the Sun above the 


1. 


Horizon of the Place. 


3. THE greater or leſs Depreſſion af the Sun 
under the Horizon in the Night; which cauſes 
more or leſs Light, Heat, Rain, thick Clouds, 
Sc. From this comes more or leſs Twilight. 

4 THE Continuance of the Moon, for more 


or leſs time above or under the Horizon ; and it's 


greater or leſs Elevation above it, or Depreſſion 
under it, 

'5. THE ſame may be ſaid of the fixed Stars, 
eſpecially the more remarkable; and of the five 
Planets, Saturn, Jupiter, Mars, Venus, Mercury, 


for they all cauſe ſome ſmall Light and Heat in the 
- = fy 


Air, and change the Air various Ways, and excite 
Vapours in it, as Aſtrologers tell us. | 


. THE Kinds of the Earth that are in ſeveral 


Places; for where the Earth is rocky or ſtony, 


there the Air 1s for the moſt Part colder than 
where *tis fat and ſulphureous, and not fo fertile 
or where there is much Sand and no Rivers there 
is much Heat and Drought. 

7. ADJACENT Seas or Lakes; from thence 
come a great many moiſt Vapours into the Air; 
and the Rays are not ſo ſtrongly reflected from the 
Sea as from the Land. 

8. T HE Situation of Places, for the Sun influ- 
ences the Mountains and Vallies differently, and 


the Rays are kept from the Plains oftentimes by 


the Mountains, which do alſo in ſome manner 
draw the Vapours to them, as we ſaid Chap. 20. 
Whence *tis the Mountains change the Seaſons of 
the neighbouring Places; cauſing Heat, Rain, &c. 
_ would not be if the Mountains were not 

ere. 1 

9. THE Winds, eſpecially the general and 
ſtated ones; thus the ſtated eaſterly Winds tem- 
per the Heat of the Dog-Days, and the general 
Wind in the Torrid Zone, eſpecially the Eaſt Winds 


in Braſil, cauſe a moderate Heat there: whilſt there 


is a vehement Heat in the Weſt of Africa; for in 


theſe Places the general Wind is not ſo ſenſible. 
The North Winds are cold and dry. The South | 


Winds are hot and moiſt with us. 
10. THE Clouds and Rain leſſen the Light 


and Heat. 5 


THESE are, I ſuppoſe, all the Cauſes of the 
Changes that happen as to Light, Heat, &c. ei- 
ther in the ſame, or different Places, at different, 
or the ſame times. e 
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„ The Relative Paw ver. VI 


PROPOSITION II. 4 
How the Seaſons of the Year, as Spring, Summer, 
Autumn, and Winter are to be defined. * 
ALTHO we are not, in treating of the Sci- 
ences, to diſpute about the Definitions of things; 
yet, becauſe the Signification of ſome Words is 
dubious ; we muſt explain them here, to avoid 


Confuſion, and that Students may not be entan- 


gled and deceived with different Meanings. 
THE Queſtion includes two Difficulties ; r. 
Whether the Seaſons are determined by the Sun's 
Entrance into, and continuing in, certain Signs of 
the Ecliptic, as Aſtronomers generally ſuppoſe, 
calling it Spring when the Sun enters the firſt. of 
Aries, which continues *till it enters the firſt of 
it Summer 'till the Sun moves 
from that to the firſt of Libra; and Autumn till it 
come to the firſt of Capricorn; and Winter *till it 
come to the firſt of Aries again. 18 
T IS evident that theſe Definitions are not true 
in all Places, but only in thoſe to the North of the 
Equator; for in the South Places they have Spring 
while the Sun is between the firſt of Libra, and the 
firſt of Capricorn, and Summer from that to the 
firſt of Aries; and ſo on the contrary to the former: 
and one may think the Seaſons cannot be explain- 
ed in a Senſe agreeable to all Places, and yet they 
may and ought to be. Moreover, the Definitions 
above do not agree to Places in the Torrid Zone, 
for when the Sun paſſes over them it muſt be al- 
lowed to be Summer there (except ſome other 
Cauſe alter it); with reſpect to the Heavens, and 
in Places on the Equator, it ought not to be either 
Spring or Autumn when the Sun is paſt the firſt 
fies, but Summer, for then the Sun is paſſing 
5 * | bt ITT „ . over 
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over them, and ſo making the greateſt Heat to 


them: nor can that Summer be transferred to the 
firſt of Cancer, or Capricorn. And the ſame may be 
faid of Places between the Equator and Tropics, 


| becauſe the Sun paſſes over them alſo before it 


comes to the firſt of Cancer, or Capricorn, and ſo 
makes Summer firſt. For it muſt be known, that 
tho* Definitions are arbitrary, yet all agree in 
making the Summer to be caufed by Heat, and 
the Winter by Cold, or leſs Heat; and Definitions 
muſt be ſo framed, as to agree in part with theſe 
Notions, or not to be repugnant to them; and there 
is the ſame Difficulty as to Spring and Autumn in 
the Torrid Zone; whilſt there ſeems to be none at 
all, eſpecially at the Equator. 55 
T HE ſecond Difficulty which made the Que- 
ſtion be propoſed is, whether the Seaſons are to be 


determined from the Degree of Heat and Cold, or 


from the Sun's approaching, or withdrawing ? for 
the common Notion of the Europeans of the Sea- 
ſons includes them both, eſpecially the Cold and 
Heat, tho* Aſtronomers have moſt regard to the 
Sun's Place in the Ecliptic. Moreover, *tis found 
in many Places in the Torrid Zone, that the Seaſons 
do not anſwer the Sun's coming to them, or go- 
ing from them, but that they find it Winter (a- 
bounding not indeed with Cold, but with Rains 
and Storms) when it ſhould be Summer, by the 
Sun's being nearly above them ; and on the con- 
trary, they find it Summer when the Sun goes 
from them, and they ſhould rather have Winter; 
of which ſtrange thing we ſhall give Examples 
afterwards, And * they make their Sum- 
mer to conſiſt in a clear Sky; and their Winter in 
wet Weather, with a little Cold. And therefore 
the Notions of the Seaſons differ much according 
to the Places. „ 
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The Relative Part Sor. VI. 
AFTER conſidering theſe Difficulties I am 


of Opinion; 1. ſeeing in ſeveral Places of the Tor- 


rid Zone, as was ſaid in the ſecond Difficulty, and 
alſo in ſome Places in the Temperate Zone, Heat 
and Cold have no regard to the Sun's Motion; nor 
are we to think that Heat and Cold makes the Sea- 
ſons, except we diſtinguiſh between Seaſons of the 
Heavens and of the Earth; which Words we muſt 
uſe for want of better : hence the terreſtrial Summer 
Seaſon of a Place, is the Time of Year when there 
is greateſt Heat there ; but the celeſtial Summer 
is the Time when one might expect the greateſt 
Heat from the Sun's nearneſs; and the like may 
be ſaid of the Winter Seaſon: and tho? in ſeveral i 
Places the celeſtial and terreſtrial Summer and 
Winter happen at one Time of the Year; yet in 
{ſome Places of the Torrid Zone they are in different 
Times of the Year, as ſhall be ſhowed hereafter. 
And the ſame is to be ſaid as to the celeſtial and 
terreſtrial Spring and Autumn. | | 
2. SEEING there are but few Places where 
the terreſtrial Summer and Winter differ from the 


celeſtial, as to the time of Year, they happening 


in moſt Places at the ſame time of the Year ; there- 
fore the celeſtial Summer may be called ſimply the 
Summer, and ſo the terreſtrial Spring, the Spring, 


Sc. and when we would ſpeak of the terreſtrial Sum- 


mer or Winter we ſhall call them Terreſtrial, to 


diſtinguiſh them from thoſe abſolutely called Sum- 


mer and Winter, when the Celeſtial and Terreſtrial 
_— 1 

THE celeſtial Summer of a Place is when 
the Sun comes neareſt to it's Zenith; and Win- 
ter when furtheſt from it; and Spring is between 
the end of Winter, and beginning of Summer; and 


Autumn between the end of Summer and begin- 


ning of Winter. And theſe four Seaſons may be 
thus underſtood in all Places. 7 
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PROPOSITION III. 


4 The celeſtial Summer of thoſe Places between the North 


Tropic, and the North Pole, begins when the Sun 


enters the firſt of Cancer, on the twenty firſt of 


une, and ends, when it enters the firſt of Libra, 
on the twenty firſt of September; and at the ſame 
Time in all thoſe Places, And *tis Autumn with 
| them when the Sun goes from the firſt of Libra to 
the firſl of Capricorn, and Winter while *tis be- 
tween the firſt of Capricorn, and the firſt of Aries. 


THE Truth of this Propoſition appears from 


the foreſaid Definitions, and may be eaſily ſhown 
on the Globe and Maps; for the Sun is leaſt di- 
ſtant from the Zenith when in the Tropic of Can- 
cer; and is at a mean Diſtance when between the 
firſt of Libra and Capricorn. 

THE Summer Places between the South Tro- 
pic and the Pole, which takes in the Temperate 
and the Frigid Zone, begins when the Sun enters 
the firſt of Capricorn, and ends when it enters the 
firſt of Aries; and their Autumn is between the 
firſt of Aries, and the firſt of Cancer; and the 
Winter between that, and the firſt of Zibra; and 
between that, and Capricorn is their Spring. 

THIS may be ſhown the ſame way as the 
former. | | 


THE Seaſons in the Torrid Zone do not begin 


in all Places at the ſame time. 1. Thoſe under 


the Equator have this peculiar to them, that they 


have two Summers, two Winters, and as many 
Springs and Autumns, and that each Year ; ſo that 
between the twenty firſt of March, and the twen- 
ty firſt of September they have, or ſhould have by 
the Sun's Courſe all the four Seaſons; * the 
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Autumn, are not at the ſame time, 
different Days in different Places; for the end of 
Autumn, and beginning of Winter, is there when 
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fame again between the twenty firſt of September, 
and the twenty firſt of March. _ 37 
ONE Summer is between the firſt of Aries, 


and the ſecond of Taurus, or twenty firſt of March, 


and twenty ſecond of April. 

AUTUMN between the ſecond of Taurus, 
and the firſt of Cancer; or twenty ſecond of April, 
and twenty firſt of June. | 

WINTER betwen the firſt of Cancer, and the 
twenty eighth of Leo; or twenty firſt of June, 
and nineteenth of Auguſt. | 

SPRING between the twenty eighth of Leo, 
and firſt of Libra; or nineteenth of Auguſt, 
and twenty firſt of September. 

AND the ſame Seaſons return when the Sun is 
in the oppoſite Places of the Ecliptic; which is 
eaſily demonſtrated on the Globe, according to the 
foreſaid Definitions, or the Sun's Diſtance from 


the Zenith. But as to the terreſtrial Seaſons, they 


are different in ſeveral Places under the Equator. 
2. T HE Places in the North Torrid Zone have 


the end of Autumn, and beginning of Winter at 


the ſame time on the twenty firſt of December; but 
the beginning and end of the other Seafons of 
Summer and Spring, and allo the DN of 

ut are on 


the Sun is furtheſt from the Zenith, when in the 
Meridian, which happens in the firſt Degree of 
Capricorn. The other Part is alſo plain, for if the 
Places have different Latitudes, the Sun will be 
in their Zenith on different Days; that is, their 
Summer begins at different Times, and will have 
a mean Diſtance from the Zenith at different 
Times, and ſo their Summer will end, and Au- 
tumn begin at different Times. And in the ſame 
way, their Winter will end, and Spring begin at 

; 5 I different 


— tre <a ers OD OE Ao aro r 


CAP. 26. of Univerſal Geography. 565 
different times ; becauſe the mean Diſtance from 
their Zenith will be different; tho? it will, in all 
Places, begin between the twenty firſt of Decem- 
ber, and the twenty firſt of March. 


? 3. THE Places in the South Torrid Zone have 

| the end of Autumn, and beginning of Winter at 8 
ö the ſame Time 7. e. the twenty firſt of June; but the WW. 
beginning of Summer and Spring, and the begin- 4 


ning of Autumn, are not at the ſame Time, but 1 
different in different Places; yet ſo as the Summer Wl 
4 there falls always between the twenty firſt of Sep- =_ 
[MW zember, and the twenty firſt of December; and the = 
end of Autumn, and beginning of Summer, be- 1 
| tween the twenty firſt of March, and the twenty bt 
firſt of June; and the beginning of Spring, and end 1 
of Winter, between the twenty firſt of June, and . 18 
| the twenty firſt of September. This may be pro- 8 
ved as the former was; for the Sun, being in the . 
firſt of Cancer, is then at it's greateſt Diſtance 1 
| from them; and then it's Winter in them all; and 1 
the Sun being vertical to them in different times, 
their Summer, and conſequently Autumn and | 
Spring, are at different times. 

4. THOSE Places between the Equator and 
the eighth Degree of North, or South, Latitude 
have A peculiar; viz. the Sun, by ap- 

proaching to, and withdrawing from their Zenith, 
makes two Summers, two Springs, and but one 
Autumn, and one Winter in a perverted order, 
thus; Spring, Summer, Spring, Summer, Au— 
tumn, Winter. 

THE Cauſe of this Paradox is this: fuppoſe 

a Place in the eighth Degree of North Laticude, 
the Sun is vertical to it in the tenth Degree of 
Aries, and then Summer and Winter will be to 
them when the Sun is in the firſt of Capricorn, 
which is twenty ſeven Degrees thirty Minutes 
from the Parallel of the eighth Degree of North 
| Latitude, 
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566 The Relative Part S Rr. VI. 
Latitude; and the Sun will have a mean Diſtance 
when ' tis thirteen Degrees forty five Minutes from 
them; which happens four times of the Year; 1. 
when in the third of Gemini, then the Spring begins, 
becauſe the Sun begins then nearly to approach to 
the Zenith of the Place, where it will be Summer 
again in the twentieth of Virgo; and when it comes 
to the twenty fifth of Libra, tis at a mean Diſtance 
again, and then begins Autumn ; the Sun with- 
drawing from them; and at the firſt of Capricory 
it is Winter; and at five Degrees of Piſces 'tis at 
a mean Diſtnnce again, and then begins Spring, 
for the Sun is approaching to them: and the ſame 
happens in Places under the eighth Degree of 
South Latitude, 
BUT if the Place be above eight Degrees 
Latitude, then it doth not hold good; for the 


Sun in Cancer, or Capricorn, is here a leſs Diſtance 


than a Mean: for if in the ninth Degree of 
North Latitude the greateſt Diſtance will be at 
the firſt of Capricorn, which is thirty two Degrees 
of Declination North and South ; and the Mean 


ſixteen, which is more than the firſt of Cancer's 


Diſtance, which is but fourteen Degrees thirty Mi- 
nutes; therefore Summer will then laſt till the Sun 
be ſixteen Degrees from their Zenith, which is not 


till the Sun comes to the twenty fourth Degree of 


Libra, about the fifteenth of OZober. 
THERE ſeem to be here ſome new Difficul- 


ties; 1. That it cannot be Summer with them when 


the Sun is in Cancer, Leo, Virgo, for the Sun is in 
them both going from and to the Zenith ; but 
that *tis Summer only in the going from the Zenith. 
I anſwer, that Summer conſiſts in it's going back 


from the Zenith to a mean Diſtance, which it ne- 


ver does *till it come to the twenty fourth of Libra, 
when the Summer muſt end, 


2. IN 
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2. IN Places under the eighth Degree of Lati- 
tude, or in the fourth, as was ſuppoſed, the Spring 
could not begin when the Sun is in the third of 
Gemini, for then *tis going further from the Ze- 
nith; but it goes but one Degree further, and 
therefore we ſaid it was nearly Spring, and we can- 
not make a fifth Seaſon for that ſmall Matter. 

OTHERS may think we ſhould not put Spring 
between two Summers, but count it all Summer, 
while the Sun is at leſs than a mean Diſtance from 
the Zenith. And tho? it go a Degree further, yet 
that will not cool the Air ſenſibly, but rather, by 
it's Continuance, increaſe it; but we ſhall not diſ- 
pute that matter, only think the Method laid down 
13 beſt, But enough, or too much, of this (a). 


(a) Mr Ditton has given a or half bþE (for becauſe there | 


geometrical and eaſier Demon- | is no leaſt Diſtance of the Sun, 
ſtration of this Paradox. By | therefore the mean Diſtance is 
the Definitions explained under | half the greater) that is, to a 
Prop. 2. Each of thoſe Places | third of CE, or *==315. There- 
ſhould be ſo ſituated, that two | fore as CA is 234, Ab will 
Points may be taken in it's Me- | be nearly eight Degrees; and 


ridian, one lying to the North, | therefore all theſe Places are C 


the other at an equal Diſtance | nearly within -eight Degrees of 
to the South; the Diſtance | the Equator. But the Sun pro- 


whereof ſuppoſe from the Ver- | ceeding in it's annual Motion 


tex equal to the mean Diſtance | from E to C, and then again re- 
of the Sun from the ſame. Let | turning toE, produces the above- 
now A B be the Equator, (Fig. | mentioned Seaſons in this Or- 


32.) CD and EF the Tropics, | der. When in the Point E, 


and CAE, FB D, the Meridian | where the Diſtance is greateſt 
of the Place, and a Place therein | from the Place 5, it begins 
, as remote as poſſible from | Winter, in 4 the Spring (vis. 
the Equator to the North. The | 64 = C) in 3 the Summer, 
North Point therefore is C, | in C the ſecond Spring, in 5 
whoſe Diſtance 4C is equal to | the ſecond Summer, and in 4 
the mean Diſtance of the Sun, | the Autumn. 


PRO. 
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PROPOSITION IV. 


A Place being given in the Torrid Zone, to find the 
Days when the Summer, Autumn, Spring, and 
Winter begin and end there, 3 


1. IF the Place be in the Equator, we ſhewed 
in the preceding Propoſition when the Seaſons of 
the Year begin; each returning twice in one Year, 

2. IF the Place be beyond the eighth Degree 
of Latitude, bring it to the braſs Meridian, and 
mark with Chalk the Place it is under; then turn. 
ing the Globe obſerve what Part of the Ecliptic 
comes under the Mark, and when the Sun comes 
there, Summer begins; then obſerve the middle 


Degree between the Mark, and the Tropic of Ca- 


pricorn, if the Place have a North Latitude, but the 
Tropic of Cancer if South; and turn the Globe 
*till two Points of the Ecliptic come under that 
middle Degree: the one is the Place the Sun is in 
when Spring, the other when Autumn begins; and 
Winter will be when the Sun is in the firſt of Ca- 


Pricorn, if the Place be to the North, but Cancer, 


if to the South of the Equator. The ſame may be 
done by the Maps, but more accurately by the 


Tables of Declination. 


IN which find the Declination equal to the La- 


titude, and againſt it you will have four Days of 
the Year; and take that Day for the beginning 


of Summer which is between the twenty firſt of 
March and Fune, if the Place be North; and be- 
tween the twenty firſt of September, and twenty 

firſt of December, if South Latitude. 
THEN take the half of the Latitude from ele- 
ven Degrees ninety five Minutes, and find the 
Remainder in the Table, you will ſee again four 
Days againſt it, in two of which the Sun is at a 
| mean 
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mean Diſtance from the Place; and if the Place 


be North, take two Days, one between the twen- 
ty firſt of December, and twenty firſt of March, the 
other between the twenty firſt of September, and twen- 
ty firſt of December; the former will be the begin- 


| ning of Spring, the latter of Autumn: but if the 


Place be in South Latitude, take the Day between 
the twenty firſt of June, and the twenty firſt of 
September, for the beginning of Spring ; but for 


Autumn, take that between the twenty firſt 'of 


March, and twenty firſt of June; and Winter 
will begin the twenty firſt of June, or December, 


as the Place is South or North. 


3. IF the Place have leſs then eight Degrees of 


Latitude, it will have two Summers, two Springs 


and Autumn, and Winter, except we reckon the 
Spring between two Summers to be a Part of a 


long Summer, and then we do as in the former 


Caſe; but if we reckon there two Summers, and 
two Springs, according to our Definitions; find, as 
before, the beginning of Summer and Winter, and 
take out of the Table four Days at a mean Di- 
ſtance, and take two of them as before for the be- 
ginning of Spring and Autumn, and only one 


| of the other two, to be taken for beginning of the 


other Spring, viz. that which is next to the firſt of 
Summer; and for the ſecond Summer's beginning, 
take the Day that is as far from the twenty firſt 
of June, as the firſt Summer's beginning. 


PROPOSITION 


in the Temperate and Frigid Zone the four Seaſons 
are almoſt of the ſame Length; but in the Torrid 
one they are unequal ; yea one and the ſame will 


be different in different Places there. 
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- THE former Part of the Propoſition is plain, 


becauſe the Sun goes thro' three Signs in each 
Seaſon, and ſo the Times will be nearly equal, ex- 
cepting a few Days; five that the Summer, and 
four that the Spring, in northerly Places exceeds 
the Autumn, and Winter and in Places ſoutherly 
the Autumn and Winter exceeds the Summer and 
Spring as much, becaule of the Sun's Eccentricity ; 
as we ſaid before. 2 | | 
2. IN Places under the Equator there are two 


Summers (and likewiſe the other Seaſons) and both 


ſhort; and the two Springs alſo, each having only 
thirty Days, and both Summers and both Springs 
have ſixty four Days, i. e. two Months, and two 
or four, Days: but the Autumn and Winter have 
fifty five Days, and the two Autumns one hun- 
dred and ten, and the two Winters as many, i. e. 
near four Months. 

3. THE nearer the Places in the Torrid Zone 
are to the Equator, they have the longer Sum- 
mer, and the leſs Winter; and an Autumn and 
Spring more or leſs ordinary. In Places of leſs than 
ten Degrees Latitude, the Summer is no leſs than 
ſix Months; and how long each Seaſon is, may be 
known by the preceding Propoſition. I 

SO far of the celeſtial Seaſons; but ' tis not 


from theſe only that Light, Heat, Cold, Sc. do 


flow ; there are other Cauſes, which we ſhall now 
conſider. 


PROPOSITION VI. 


The Sun goes near the Zenith of Places in the Torrid 
Zone at Mid. day; but at Mid. night goes far from 
it under the Horizon, and the Places are there al- 
moſt in the middle of the Earth*s Shadow, and the 

Suns Rays neither enlighten nor warm their Air. 


. In 


| 
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In the Frigid Zone, as the Sun is a great way from 
' their Zenith even at Mid- day, ſo at Night it goes 
but a little way under the Horizon, and ſends ſe» 
weral Rays by Reflexion into the Air there. 

In the Temperate Zone the Sun is at Mid day at 
an ordinary Diſtance from the Zenith, and at Night 
is a good Way under the Horizon in Winter; but 

= ſends ſome Rays by Reflexion into the Air in the 
' Summer- time. i 9 

TO ſhow this by the Globe: elevate the Pole 
for the Latitude of a Place in the Torrid Zone, or 
rather put the Poles in the Horizon; and conſi- 
der the Parallels which the Sun deſcribes in revol- 
ving, how far they are above, and under the Ho- 
rizon, and the firſt part will be plain. 8 

THEN «elevate the Pole for the Latitude of 
a Place in the Frigid Zone, and you will ſee the 
Parallels are but a little way under the Horizon 
which ſhows the ſecond Part. | 

AND again elevate for the Latitude of a Place . 
in the Temperate Zone, and you will ſee the Truth 
of the third Part. | 


PROPOSITION VII. 


8 To find the Continuance of Twilight in a given Place, 
at a given Time. 


IT'S Continuance is from the firſt appearance of 
Light to the Sun's riſing, and from Sun-ſetting to 
it's Diſappearance z which Aſtronomers have found 
by Obſervation to be ar eightcen Degrees under 
the Horizon. 

ELEVATE. the Pole to the Latitude of the 

Place, and find the Sun's Place that Day in the 
Ecliptic z which being marked, and the Mark 
brought to the Horizon, and the Index of the 
Hour Circle to twelve, turn the Globe *till you 


find, by a Quadrant of Altitude, or a Pair of 
2 Compaſſes, 
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Compaſſes, that the Sun is eighteen Degrees under 
the Horizon; and you will ſee how many Hours 
the Index hath paſſed: and ſo long is the Light in 
diſappearing in the Evening, and in appearing in 
the Morning ; as may be tried in the Eaſt, ſuppo- 
ſing the Air to be clear. It will be convenient to 
give an Example in each Zone. 


PROPOSITION VII. 


In Places in the Torrid Zone the Twilight is leaſt, 
and in the Frigid Zone greateſt, and in Places. 
in the Temperate Zone, in a Mean between ihe 
1700. | 


FOR under the Equator, and in Places near 
it, the Twilight, according to the former Hypo- 
theſis, is about one Hour; but by Experience *tis 
found to be but half an Hour, or a little more; 
becauſe the Air, being ſo groſs there, is not ſo 
high as is requiſite to make Twilight at the Depreſ- 
ſion of eighteen Degrees; and belides, the Suppoſi- 
tion of eighteen Degrees requires very ſmall Light, 
ſuch as in the beginning of Twilight: which by 
the Vulgar is not counted Twilight. 

IN the Frigid Zone the Twilight laſts for ſeveral 

Days, while the Sun is under their Horizon. 
IN the Temperate Zone the Twilight laſts three, 
four, five, or ſix Hours, and all Night in ſome Places 
in Summer- time, according as the Places are more 
or leſs near the Frigid Zone. Theſe things may be 
= proved by the Method in the preceding Propo- 
. HL1ON, T7 | 


PROPOSITION IX. 


Place being given in the Temperate or Frigid 
Zone, and another Place in the Torrid Zone, and 
| hkewiſe 
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likewiſe the Day of the Year, to find the Hour in 
the Torrid Zone in which the Sun ſhall have the 

| ſame Altitude (and ſo affeft the Horizon with Rays 

f equal Force) as it hath in the Temperate Zone 

at Mid- day. | 


ELEVATE the Globe for the Latitude of 
the Place in the Temperate or Frigid Zone, and 
bring the Sun's Place to the Meridian, and obſerve 
it's Altitude, and that is the Altitude of the Rays 
which warm and enlighten that Place. 

THEN elevate the Pole for the Latitude of 
the Place in the Torrid Zone, and applying the 
Quadrant to the Zenith, mark on it the Altitude 
before found, and bring the Sun's Place to the 
Meridian, and the Index of the Hour Circle to 
twelve, and move the Globe and Quadrant till 
the Sun's Place agree with the marked Degree of 
Altitude, or the Quadrant, and the Index will 
ſhow the Hour ſought; and therefore the Rays 
falling in both Places with the ſame Obliquity, 
there is the ſame Degree of Light and Heat in both 
Places, except other Cauſes hinder it. viz. 1. That 
the Sun had before introduced a Temper into the 
Air of the Torrid Zone, which it had not into the 
the other Zones. 2. The Sun riſing up more di- 
rely in the Torrid Zone, the Rays are all ſent 
almoſt the ſame way; which will cauſe greater Heat 
than if it had aſcended obliquely, and ſent the 
Rays a great many Ways, which diſperſes them; 
whereas Heat requires they ſhould be gathered 
together. 5 | 
FOR Example; Let us find out in the equino- 
Ctial Day, the Hour when the Sun is as high 
above the Equator as at Amſterdam at twelve 
o Clock that Day. 


E 3 PRO PO. 
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PROPOSITION X. 


To explain the Cauſes of Tight, Heat, and the Seaſons, 
ſhewed in the e Propoſition, under the Torrid 
Zone. 


1. THE Sun riſes up directly above the Hori- 
zon every day, eſpecially under the Equator, to 
the Meridian and Zenith of the Place; and there- 
fore the Rays decline from the Perpendicular at 
nine in the Forenoon about forty Degrees, and 
come ſtill nearer to a Perpendicular as they ap- 
proach to the Meridian, and afterwards decline 


from it *rill four in the Afternoon, when the Sun 


begins to ſend the Rays very obliquely; and there- 
fore the greateſt Heat is between nine and three or 
four o' Clock, if no other Cauſe hinder ; and be- 
cauſe the Sun in their Meridian hath different Di- 
ſtances from the Zenith, it is Winter when moſt 


diſtant, and Spring at a mean Diſtance going from 


the greateſt Diſtance to the Zenith, and Autumn 
while it goes from the mean Diſtance to the great- 
eſt, either at the firſt of Cancer or Capricorn. 

2. IN Places under the Equator the Sun is never 
leſs than twelve Hours above, and as many below the 
Horizon; but in other Places of the Torrid Zone tis 
an Hour, or at moſt an Hour and thirty Minutes 
more above in the Summer near Cancer or Capri- 
corn; and as much in the Winter leſs than twelve 
Hours: which cauſes the Nights to be a little 
colder, and the Heat of the Day of leſs continuance 


in the Winter- time. 


3. IN the Night the Sun is far under the Ho- 


rizon, ſo that there are ſcarcely any reflected Rays 


to enlighten the Air; which cauſes the Cold to in- 


creaſe; and the Air being condenſed thereby, al 
fal 
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fall down by it's Weight; and their Twilight 
there is only for about half an Hour. 

4. THE ſame way the Moon riſes almoſt per- 
pendicularly to the Horizon, tho? a little more ob- 
liquely, becauſe it goes five Degrees from the E- 
cliptic, and continues a little above twelve Hours 
above the Horizon, and almoſt as many below, 
going far under the Horizon. And thus it may, 
by it's perpendicular Rays increaſe the Heat of the 


Night, eſpecially if near the Zenith; but the effect 
is ſcarce ſenſible by it's ſhort continuance above 


the Horizon. 
5. ALL the Stars riſe and ſet in Places near 
the Equator, but in Places near the Pole they do 
not; and may therefore cauſe ſome ſmall Light, 
and Heat in the Air. 

6. IN ſeveral Places of the Torrid Zone, as in 


the Indian Iſlands, and India itſelf, and in the South 


Part of Africa, and in Guinea in Africa, and 
Mexico in New Spain, the Earth is ſulphureous, and 
ſends forth more hot Exhalations, which give Hear, 
and ſame peculiar Properties to the Air. In ſome 
Places *tis ſandy, as in the North Part of Africa, 


and in a Part of Libya, the Blacks Country, and in 


ſeveral Places in Arabia, in Peru, and Places be- 
tween Peru and Braſil; in which Places there is 
great Heat from the Sand that retains the Heat 
from the Sun long, and communicates it continual- 
ly to the Air; in other Places there are ſeveral Ri- 
vers, but few in theſe; and in Abaſſia, Guinea, 
Congo, India, and Braſil, there are many Rivers 
that afford moiſt Vapours, which beat back the 
Sun's Heat ſo as to make it more tolerable, 

7. SEVERAL Places in the Torrid Zone have 
the Sea near them, as India, and the Indian Iſles, 
and the South Part of Africa, Guinea, Braſil, Peru, 
and the Mexican Spain; few Places of the Torrid 
Zone are inland Parts, as the middle of Africa, and 
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the Countries between Peru and Braſil, where the 


Heat and Draught is greater than in the former, 
where the Air is more moiſt, except other Cauſes 


concur to hinder, | 
8. MOST Countries in the Torrid Zone have 
the Sea almoſt round them, and in their middle a 
Chain of Mountains more or leſs high; as India, 
and the Indian Iſles, the Tongue-like Part of Afri- 
ca, Peru : and this alters the Light, Heat, or cauſes 
Rain there; in ſome Places they keep aff the eaſt- 
ern Sun, and in others the weſtern. And the Rains 
cauſed there, as in Chap. 20. hinder the Light and 
Heat; and there are but few Places there without 
thoſe Things, as the Heart of Africa, and Mexican 
9pain, or may be more. 5 
9. THE Effects of the Winds in the Torrid 
Zone are various and remarkable; for the general 
Winds blowing to the Weſt cool the Places in the 
eaſtern Shores of Africa and Braſil; but nat thoſe 
on the weſtern, as Peru, Guinea, Congo, Angola. 
Some Winds are peculiar to ſome Places; as the 
South Winds in Peru, which carry the Vapours be- 
{ fore them; other Winds are ſtated (as in Chap. 
b! 21.) which change the celeſtial Seaſons, blawing as 
b contrary as the Heavens move. | z 
THE Clouds and anniverſary Rains in ſeveral 
Places of the Torrid Zone alter the influence: of the 
Sun; being as conſtant almoſt as the Sun's Motion: 
and they are miſtaken who think all things in the 
ſublunary World are inconſtant, and without Or- 
der; and that only the heavenly Bodies are conſtant 
in their Motions. To 
| AND ſeeing thoſe cauſes are ſo many and va- 
1 rious, ſome prevailing in one Place, ſome in ano- 
| ther; ſome at one time, and ſome at another; ei- 
ther concurring with, or oppoſing, one another, 
no wonder the Seaſons in the Torrid Zone ſhould be 
f. 
* PRO- 


. PROPOSITION XI. 
To determine when, or in what Months of the Year, 
the four Seaſons bappen on the Earth, viz. Spring, 
Summer, Autumn, and Winter, in different Places 
in the Torrid Zone, , 


WE ſhewed, Prop. 2. that the Seaſons in ſeve- 
ral Places of the Torrid Zone do nat agree with the 
Sun's Motion, for *tis Winter there when the Sun 
is at, or near, their Zenith; and Summer when 
it is fartheſt off: for which reaſon we diſtinguiſh 
between Seaſons that are Celeſtial, and thoſe that 
are Terreſtrial, We ſhewed alſo in Prop. 3. and 
4. when they had the celeſtial Seaſons in the 


Torrid Zone: and. ſeeing the terreſtrial happen 


not at the ſame Times, or conſtantly at one Time, 
in different Places, we muſt determine their Times 
from Experience, and as much as can be ſhown why 


they do not agree with the other Seaſons in the 
Heavens; and that from theſe ten Cauſes in the 


firſt Propoſition. And firſt, we muſt know that 
*tis not a raging Cold, or Froſt, thac makes Winter 
in the Torrid Zone, but Rains, or leſs Heat than in 
Summer ; and likewiſe in ſeveral Places of the Torrid 
Zone there are only two Seaſons of the Year, Sum- 
mer and Winter, which are cheifly diſtinguiſhed by 
wet and dry; for in Winter there is ſometimes more 
Heat than in Summer, with a difficulty of breath- 


ing for the Clouds and Rain beat down the warm 


Air; and Spring and Autumn are not ſo obſerved 
and diſtinguiſned by Signs. 
LET us begin with that Part of Africa which 
is in the Torrid Zone, and go round eaſtward to 
Braſil thro* the whole Torrid Zone. 

IT HE Countries on the weſtern Shore of Afri- 
ca, from the Tropic of Cancer to Cape Verd, which 
is fourteen Degrees North Latitude, are all fer- 
. 8 tile 
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tile in Corn, and ſeveral forts of Apples, and in 
great Flocks of Cattle, and the Inhabitants of ro- 
buſt Bodies; the Heat there being a little above 
what is in a Medium; fo that they go naked, ex- 
cept their Nobility and rich Men, who cover 
themſelves with Cloaths. The Cauſe of the Ferti- 
lity and temperate Air there, tho? it be in the 
Torrid Zone, is, 1. The many Rivers, the chief 
whereof are Senega and Gamlea, that water the 
Country, and render the Air the colder. 2. The 
neighbouring Sea; which affords moiſt Vapours, 
and. cooling Winds; but how the Seaſons are here, 
and in what Months their Summer and Winter, 
I have not found among Writers, thro their Folly 
or Negligence; tho? I found in a Journal that in 
one of the Ifles not far from Cape Verd called Hef- 
perides, or St Vincent, in Latitude ſixteen, the 
rainy Months, i. e. their Winter are Auguſt, Sep- 
tember, October, November, December, and January, 
which Time agrees almoſt wih the Seaſon by the 
Sun's Motion; for in May, June, and July, be- 
cauſe the Sun is at, or near, their Zenith, it makes 
their Summer Seafon, when they have the Air more 
hot and dry, without Rains; and in February, 
March, and April *tis Spring: for the Sun is then 
moving from the mean Diſtance to their Zenith, 
and they have Heat in a Medium without Rain; 
and Auguſt, September, October make Autumn, be- 
cauſe of the Rains then, tho? it ſhould begin ſooner, 
for the Sun is not in Auguſt come back to a mean 
Diftance ; and November, December, January are 
Winter, the Sun being then furtheſt from their 
Zenith; and then they have much Rain, and ſome 
Cold; but the Writer ſays *tis not ſo every Year, 
but for the moſt part; and does not remember how 
the Seaſons are on the neighbouring Continent of 
Africa; only he adds *tis quite otherwiſe on the 


Shore of * Leona, as we ſhall now ſhow. © 
2, EN 
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2. THEN the South Part of Africa, that 
runs Eaſt and Weſt, called Guinea, that is four or 
more Degrees of Latitude North. There is con- 
tinual Heat, without intervening Cold; yer there 
are ſome Months they call Summer, others Win- 
ter; for on the Shore of Sierra Leona, and at ninety 
Degrees of North Latitude; and in ſeveral Places of 
Guinea, they eſteem that March, April, May, June, 
and July, make their Winter, eſpecially April, May, 
and June; for there falls then ſo much Rain that 
is hot or warm, and there are ſuch Thunder and 
Lightning frequently, and ſuch Storms and Hur- 
ricanes as cannot be conceived by any but thoſe 
that have ſeen them. The Porugueſe call thoſe 
Storms Travados, which we mentioned in Chap. 21. 
And in theſe Months the Fields lie waſte, with- 
out growing Corn; but after the Storms are over, 
they dig the Ground that 1s dry, the Rain being 
drank in, and mix broken Pieces of Coal with it 
inſtead of Dung, and let ir rot in the Earth for 
ten Days, then they throw in the Seed; for there 


is ſo much Heat in the Air, joined with a Moiſture 


from the adjacent Sea, that if Fiſh be kept half a 
Day unboiled after they are taken they ſtink.- In 


theſe Places then, their Winter 1s in April, May, | 


and June, when the Rains abound, and the Storms 
rage; and the Spring in Fuly, Auguſt, and Septem- 
ber; and Summer in October, November, and De- 
cember; and Autumn in January, February, and 
March, when the Rains and Storms begin. 

BUT theſe Seaſons are no way agreeable to the 
Sun's Motion; for there ſhould be a violent Summer 
there in May, June, and July; for the Sun is then at, 
or near, their Zenith at Mid-day, which the Heat 

of the Air and Rains teſtify; and in OFober, Novem- 
ber, and December there ſhould be Winter, for the Sun 


is then furtheſt from them. Tis nor eaſy to account 


for thoſe Storms and Lightning they have when the 
12 I z . oh Foo a » : Sun 
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Sun is ſo near their Zenith; it ſeems to me that 
the Sun draws up a great Quantity of Vapours from 
the Sea, and ſulphureous Exhalations from the 
Land of Guinea; for tis a metalline and ſulphureous 
Earth there, which being condenſed by the cold 
night Air makes Rain; there being no conſtant 
Wind blowing to diſſipate the Vapours, but a 
Calmneſs for the moſt part before the Storms 


come; and when theſe Rains fall the Air is hot, 


or warm; the Sun being vertical, and the Heat 
is ſuffocating; which makes a difficulty in their 
breathing. T ö 

AND thoc' their Fields lie waſte in the wet 
Months, yet their Trees and Buſhes bear Fruit all 
the Year round. | 

THE Day is here almoſt equal to 1 5 thro? 
the whole Year; the Sun riſing at fix and ſetting at 


fix: but the Sun is ſeldom ſeen riſing or ſetting 


there, for it riſes for the moſt part covered with 
Clouds for half an Hour; and ſets after it hath 
been involved in the Clouds half an Hour. 

*TIS alſo worth remarking, why in the Months 
of Fuly and Auguſt the ſame Rains and Storms pre- 
vail not when the Sun is then as near them as in 
May and June; and why in the Iſles of the He/- 
perides, which are not far from Sierra Leona and 
Guinea, the Winter happens in other Months; but 
here the Summer is from the Sun's Courſe. 

4. HOW the Seaſons are in the inland Parts of 
Africa included between an Arch of the Tropic of 
Cancer, and the weſtern Shore of Africa and Guinea, 
called the Blacks Country: I have not found any 
thing ſaid of it; but that all things there are almoſt 


| barren, except thoſe Places near the Niger, which 


overflows each Year in June, Fuly, and Auguſt, and 
makes the Land there very fruitful, and forms ſe- 
veral Lakes. The other Places on the Confines of 
Libya are oppreſſed with Heat, being ſandy for wi 

| . - molt 


be here as in Guinea. 
4. THERE follow the Countries in the 
Tongue- like Part of Africa (which runs North and 
South) as Manicongo, Angola, &c. from the ſecond 
Degree of North Latitude to the Tropic of Capri- 
corn; for the Kingdom of Congo begins at the ſecond 
Degree of South Latitude. Their Winter there 
is like the Spring at Rome and Italy, being a tem- 
perate Heat; they never change their Cloaths, and 
the very Tops of the Mountains are warm there; 
their rainy Winter begins almoſt with our Spring, 
viz, the twenty fifth of March, and laſts during 
April, May, June, July, and Auguſt, to the fifteenth 
of September; and then the Summer begins, which 
continues *till the. fifteenth of March, in which 
there are ſcarce any Rains, but a conſtant Clear- 
neſs: but in Winter the Sun is ſcarce ſeen in any 
one Day for the Rainand Clouds. It rains not during 
the whole Day, but for the moſt part two Hours 
before Mid-day, and two Hours after : great Drops 
fall which are immediately drunk up by the thirſty 
Ground; tho* the Inhabitants make but two 


Seaſons, Summer and Winter, as ſome do here; 


yet they may be reckoned four; Summer from 
the fifteenth of December to the fifteenth of March; 
and Spring from the fifteenth of September, to the 
fifteenth of December; and Autumn from the fif- 
teenth of June to the fifteenth of September; and 
the reſt Winter, 7. e. from the fifteenth of March 

to the fifteenth of June. 3 
THE Seaſons that are Terreſtrial agree near- 
ly with the Sun's Courſe; for the Sun goes from 
them, from the fifteenth of March to the fifteenth 
of September, and is furtheſt the fifteenth of June; 
and in the reſt of the time it comes to them, and 
is vertical the thirtieth of September; and then 
goes to a mean Diſtance ſouthward, and returns 
| from 
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moſt part; and the rainy Months do not ſeem to 
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from it in October, November, December, January, 
and February, and is vertical again the fifteenth of 
March; and in theſe Months they have Summer 
by the Sun's nearneſs; there being no Cauſe on 
the Earth to hinder it; and then 'tis Winter from 


the fifteenth of March to the fifteenth of September, 


for then the Sun hath removed from them; but the 
four Seaſons we ſuppoſe them to have does not ſo 
well agree with the Sun's Courſe; and I doubt whe. 
ther they reckon the Spring and Autumn. | 
BUT the Cauſe we gave of the rainy Months, 
viz. that the Sun is then going from them, ſeems 
not ſufficient to produce that effect of itſelf, 
therefore we add another; that is, the Chain of 
Mountains that are to the Eaſt from the Sea-Coaſt ; 
they are ſtill covered with Clouds, occaſioned by a 
ſtated North-Weſt Wind that blows there at that 
Time. The Sun draws up the Vapours from the Sea, 
which that Wind carries againſt the Mountains; 
and the general South-Ealt Wind makes alſo ſome 
Reſiſtance to it, and they are thus condenſed into 
Rain; and thence come the conſtant Rains and 


Showers, which cauſe alſo the overflowing of the 


Nile, and other Rivers in Africa. | 
MOREOVER, theRivers in Congo overflow 


in theſe rainy Months, and make great Fruitfulneſs 


there, as much, ſome ſay, as in Egypt 3 and all 
things grow and ripen excellently. 

5. IN the Province of Lowango, that Ae 
on the Sea, not far from Congo, in Latitude four 
Degrees, there are alſo wet Winter Months, and 
clear Summer Months; but what is ſtrange, the 
Months are not the ſame in which the Rains come 


in the next Kingdom; for there are continual and 


vehement Rains in Lowango from the firſt of Ja- 
nuary to the firſt of May, when yet 'tis Summer in 
Congo in January and February, and the Sky clear, 
which is contrary to che celeſtial Seaſon, for the 

Sun 
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Sun is not furtheſt from them in Fanuary and Fe- 


ö | ts and ſo they ſhould have no Rain, but dry 


Weather, which rauſt come from ſome other 
Mountains, or ſtated Winds, Sc. 

6. THE Iſles of St Thomas, in the Equator, 
and Annobon, in Latitude one Degree thirty Mi- 
nutes, are molt fertile in Sugar, Corn, Apples; 
but eſpecially Citrons, and Oranges. 

HOW the Seaſons are on the weſtern Coaſt 
of Africa from Lowango ſouthward I find nor. 
8. THEREFORE we come round the Cape 
to the eaſtern Shore of the Tongue-like Part of 


| Africa, where there is Zofala, Maſambigue, Quiloa, 
to the Equator: the Winter there is from the firſt 


of September to the firſt of February, and Summer 
the reſt of the Year; whereas in Congo the Winter 
we ſaid was at another Time, tho* both Places 
have nearly the ſame Latitude; but this is owin 
to the Chain of Mountains that divide that Parr 
of Africa into Eaſt and Weſt Land. 

THE Land in the Eaſt Part is not ſo fertile, 
but barren and ſandy in many Places, and 1s burnt 
with Heat ſometimes ; but the Sea, Rivers, and 
general Winds, temper the Hear. | 

THE other Countries all the way to the 
Mouth of the Arabian Gulf, and from thence along 
the Shores of the Gulf to the Tropic of Cancer, 
what Seaſons they have we cannot learn; only 
that 'tis all barren and ſandy, and ſo mult be ve. 
ry hot (the Sterility and Heat among the Troglo- 
dytes, or Snake- Eaters, in Arabia is famous); and 
beſides this there are almoſt no Rivers to water 
the Country; but we ſhall wait for better Ac- 
counts. 

10. BUT what wal the Szaſons be among 
the Abaſſines in the inland Part of Africa, where 
the Equator cuts it almoſt in the middle? 
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11. BUT leaving Africa we go to the Countries | 


in Aſia in the Torrid Zone; where we meet with A. 
rabia on the Red-Sea from Mecca to Aden, twelve 
Degrees North Latitude, having the Mountains 
of Arabia on the Eaſt. They have great Heats 
there in March and April, and more after that 
when the Sun goes thro” their Zenith, and keeps 
near it in May, June, July, and Auguſt; the Heat 
being ſo great, that they are forced (at leaſt 
the richer fort) to cauſe Water to be continually 
thrown on them in the Day-time, or elſe they he 
in Ciſterns filled with Water: the Merchants at 
Aden meet together at Night for Buſineſs, and even 
then they are hot enough. 1 ſuppoſe *tis for want 


of watry Vapours from the Earth; which is ſtony, 
and hath few and ſmall Rivers in it. And as for 


the Vapours from the Red-Sea, the general Wind, 
tho' weak there, yet carries them weſtward; there 
ts alſo a great deal of Sand, which retains the Heat 
it received in the Day all the Night long; and 


communicates it to the Air. 


AND this Time of their Winter and Summer 
agrees with the Sun. 1 
12. THERE is the ſame Account to be given 

of all Arabia, and it's eaſtern Shore, . 

13. IN Cambaya and India, which is under the 
Tropic of Cancer, and on the Malabar Shore in the 
Eaſt-Indies towards the Weſt, which reaches to 
the eighth Degree of North Latitude, the wet 
Seaſon is from the twenty firſt of June, to the 
twenty firſt of Ofober ; but chiefly from the middle 
of June to the middle of September: nor doth it 
rain the ſame time in all theſe Places, but more 
conſtantly in the Province of Goa and Cochin, and 
leſs in Cambaya, where it rains but three Months, 
and feldom at other times; but in Goa the Rains, 
tho? not ſo vehement, begin in April and May, with 
Thunder and Storms; ſo that we may count 

. Autumn 


. ( 
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Autumn here from the fifteenth of March to the fif- 


teenth of June, and Winter from that to the fifreenth 


of September, and Spring from that to the fifteenth of 


December, and Summer from that to the fifteenth of 


March: for there is great Drought then, the Wa- 
ter of the former Rain being now drawn out of the 
Earth. But the Inhabitants count only two Sea- 
ſons, Summer and Winter, or rather wet and dry, 


there being no Winter there, according to our 


Notion of it; yet *tis as properly called Winter 
from the Rains as from Cold. | | 
BESIDES theſe Rains on the Shore, there are 
Storms and Thunder in the wet Months, and the 
Sea is then ſaid to be ſhut up, and the Rivers then 
overflow. In the Month of September the Sea be- 


_ -gins to be open, and the Ships begin to fail from 
the Malabar Shore to all Parts of the World: nor 


is the Rain ſevere in the Fields, for they have time 
to plant and ſow for many Hours of the Day (except 
when there are Storms). For they ſow during theſe 
rainy Months, which they do not in Guinea, as we 
ſaid; and the Air is then of a moderate Heat by 
reaſon of the Clouds covering the Sun; ſo that 


they take their Diverſions in the Fields from the 


Shore, where there is no Inundation. The Fer- 


tility from the Rains is almoſt incredible; and if 


there happen to be no Rains, as in 1630, all their 
Hope of a Crop is gone; and there comes a Dearth 
of Proviſions, a hot unwholeſome Air, Fevers, 
Peſtilence, and Myriads of Men die. In the Year 
1630 Man's Fleſh. was publickly ſold in the Stalls of 
ſome Towns in Cambaya. The Rains are ſometimes 
ſo vehement that their Houſes, lightly built, fall 
down, and the Rivers carry others away. 
TH E Y ſow in May and the beginning of June, 
and reap in November and December; but *tis other- 
wiſe in Guinea, 7 0 £þ e . 
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THEIR Summerand Winter are not according 
to the Sun's Motion, for in July and Auguſt the Sun 
is vertical, or nearly ſo, and thus they ſhould have 
Dryneſs and Heat. In this they are very happy, 
for if the Rains did not fall, and the Clouds con- 
6 tinue to cover the Sun, the great Heat of the 
i Sun would make the Land ſandy and barren, like 
ii Arabia and Libya, where they have not theſe Rains 


II! when the Sun is vertical; and in December, January, 
| and February, they ſhould have Winter, or Rains 
| and leſs Heat, the Sun being then at the greateſt 
| Diſtance: but they have Summer then; yet the Air 
is cold enough at Night, and from twelve at Day 
to twelve at Night there blows a refreſhing Gale 
from the Sea. ee 271. AN GUIDES 
14. IN the oriental Shore of India, called Cor- 
mandel, the Seaſons differ from the Heavens; for 
the Sun there cauſes great Heat in March, April, 
May, and June, and no Rains. The Saracens 
divide the Year into three Seaſons, hot, wet, and 
cold. The Heat from the fifteenth of May, to 
the fifteenth of Junè is intolerable, the Wind blows 
from the North, to which if you turn your Face you 
will feel ſuch Heat in the Airas is perceived near a 
red hot Furnace; for the Sun is then to the North at 
Mid-day; and the Stones and Wood are very hot, 
but the Water in the Wells very cold, ſo that many 
are killed by drinking it when they are hot. 
THE greateft Heat is between nine in the 
Forenoon *till three in the Afternoon, and then 
there is no travelling; but at other Times *cis tem- 
perate and tolerable, and the Air clear and plea- 
ſant, and travelling delightful. | - 
THE wer Seaſon is from the firſt of July to 
the firſt of November; and the Cold from the firſt 
of November to the firſt of March; and in Janua- 
ry. and December the Cold in the Night is ſenſible 
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THERE are here ſeveral Things that deſerve to 

be enquired into; for from the firſt of March to 
the firſt of July the Sun is nearly vertical to them, 
and no wonder if the Heat be great then; yet 
one would think it ſhould be as hot in July and 
Auguſt, when the Sun is alſo over them, and hath 
the Advantage of the former Heat, and ſo ſhould 
be greater; and beſides, how come the Seaſons 
there to differ from thoſe on the Malabar Shore, 
being both in the ſame Climate, and having the 
Sun vertical and remote at the ſame times? And 
which is more ſtrange, there is only about ſeventy 

_ Miles, and in ſome Places only twenty Miles Di- 
ſtance between them; ſo that you may come from 
the Places where the Air is clear and hot, to where 
tis rainy, in one Day. Maffæus writes thus: There 

< are, ſays he, other things very ſtrange in that 
Country ; but what eſpecially puzzles Naturaliſts 
is, that in the ſame Months there ſhould be Sum- 
mer beyond the Mountains of the Gate, which 
run all the way to the Promontory of Corus, and 
on this Side the Gate there ſhould be Wiater, 
and conſtant Rains; the People, tho" near one 
another having oppolite Seaſons.“ So far Maffeus. 
AND this is obſerved alſo in other Places, as we 
have and ſhall ſhow. It ariſes from the Situation of 
the Mountains which divides Cormandel and Ma- 
{abar, running North and South, - together with the 
Rated Winds; for on the Shore of Cormandel the 
general Wind is more felt, except in the Summer 
Months of May and June, which drives the Va- 
pours againſt the Mountains, which makes Rain 
in Malabar; the Mountains are ſtill obſerved cover- 
ed with Clouds in the wet Months, and the Showers 
more vehement on them, when it rains in Malabar, 
but when it rains in Cormandel the Sky is clear on the 
Mountains; as in Malabar itſelf, excepting the 
Months of July and Auguſt, for then it rains in both. 
5 F 2 15. IN 
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115. IN the Countries on the Coaſt of the Sea 
at the Mouth of the Ganges, which are , oppoſite 
to the Shores of Cormandel, and are alſo in the 
North Torrid Zone; as Siam, Begu, the Peninſula 
of Malacca, the rainy Months, which cauſe the 
Rivers to overflow, are September, Oftober, and 
November; but in the Land of Malacca it rains 
every Week of the Tear twice or thrice, except 
in the Months of January, February, and March, 
in which there is a continual Drought; this is 
all againſt the Sun's Courſe, whence the Cauſe 
muſt be from the Mountains, or ſtated Winds, 
U or the adjacent Sea. But becauſe we have not Ob- 
[| ſervations of theſe Countries accurate enough, we 
[| will not inſiſt on them. The overflowing of the 
Rivers is the chief Cauſe of the Fertility ; and the 
n | adjacent Sea, the ſtated Winds, and the Rivers, 
18 temper the Heat there, which makes it pleaſant 
Fl living; there being a plentiful Crop of all kinds of 
| | Fruits. In the Kingdom of Patana, and near it, 

! 

| 


the Summer begins with February, and-laſts to 
the end of O#ober; in which Time there is a con- 
„ ſtant Heat, which is moderated with a conſtant 
HE Eaſt Wind, and the Air very wholſome. In No- 
0 vember, December, and January, there are conſtant 
11 Rains, which yet hinder not a new Crop of Fruits 
i every Month ; and the ſame may be ſaid of Cam- 
baya; and this Winter agrees with the Sun's 
Courſe. 5 | 
1. LEAVING Aja, and failing thro* the 
Pacific Sea, we come to America, which is under 
the Torrid Zone, and is either North or South ; and 
the South is either at Peru or Braſil, which, tho? 
near, yet have their Seaſons at different Times. 
The Country of Peru may be divided into that 
Part on the Sea, that where the Mountains are, 


% 7 
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Places they have their rainy Winter from Ovber 
to the end of March, when one would think they 
ſhould have Heat from the Sun's Nearneſs ; and 
have Summer from April to October, in which Time 
they have no Rain, which they have conſtantly in 
Winter; and ſo the celeſtial and terreſtrial Seaſons 
differ. aft 
IN that Part of Peru next the Sea they have 
almoſt no Winter the whole Year, having no 
Rain; but they count it Winter from April to Octo- 
ber (which agrees with the Heavens, for then the 
Sun is gone from them to the Tropic of Cancer, 
and is returning again) for tho' it doth not rain 
then, yet the Air is cloudy, and the Sun hid, and 
it looks as if it were juſt going to rain, when 
yet none falls, except a Dew, eſpecially in June, 
Fuly, and Auguſt, every Day before Mid-day ; yer 
the dark Weather is not unwholſome, and the Cloud 
turning to dew it falls down and waters the Val- 
lies. It doth not then rain on the mountainous 
Places, but the Air is clear. Thus Part of Pery, 
on the Shore, is diſtinguiſhed into Vallies and ſan- 
dy Places; the Vallies are moſt fruitful, and the 
ſandy Places between the Vallies are barren : and 
in the adjacent Iſlands likewiſe it never rains; only 
there falls a great Dew. . 

BUT in the Iſland of Gorgon, which is in three 
Degrees of South Latitude, it rains for eight 
Months, with ſuch Thunder and Storms that one 
would think Heaven and Earth were blended to- 
gether ; but in May, June, July, and Auguſt, there 
is Summer, and a Drought; againſt the celeſtial 
8% ⁰ 5. | 

IN ſome Parts here under the Torrid Zone there 
is a conſiderable Cold; for in the Province of Pa- 
ſtoa, in the Country of Popay, in the Valley of 
Artiſina, the Seaſons both of Summer and Winter 


are ſo cold that the Corn does not grow. In the 
: 5 F 3 HE Fields 
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Fields about the Town of Caſeo, near the middle 
between the Equator and Tropic of Capricorn there 
is no ſmall Froſt; and Snow is found there ſome- 
times. 

FROM hence we underſtand that Pers is not very 
hot, but enjoys rather a moderate Air all the Year, 
excepting the ſandy ground, and hilly Places. The 
Vallies appear fruitful and Pleaſant, with their pro- 
duct of Trees and Corn. They have their Water 
from the Dew that falls, as I ſaid, every Day; and 
in Summer from the Torrents that flow down from 
the mountainous Places; for there is Winter by the 
conſtant Rains: and from theſe Torrents they let 
in the Water to their Vallies ; tho* ſome Vallies 
are ſatiated with the Dew itſelf, and are very 
fertile. 

T HE Cauſe of this Difference 9 the Sea- 


ſons on the Plains and the Mountains of Peru, and 


why it never rains in the Plains, is not ſo obvious; 
for they are ſo near one another, that one may go 
from the Rain in the Morning to the Plane where 
there is a clear dry Air. It ſeems to come, 1. 
From the Chain of Mountains. 2. From the South- 
Weſt Wind peculiar to that Place, and which is 
conſtantly there. The Wind drives the Vapours 
againſt the high Places whereby they are conden- 
ſed, or elle it diſſipates them ſo that they are not 
condenſed on the Plains. We ſhewed in the Chap- 
ter on Mountains how uy come to theſe high 
Places. | 
PERU hath this in common with Egypt, and 
ſome other Places, that the South Winds are not 
wet and warm, but rather clear up the Air; which 
ſeems to be in all thoſe Places in South Latitude. 
17. THE South Part of America call'd Braſil, 
on the Eaſt Side between two Degrees of South 


Latitude to twenty four Degrees, hath ſo pleaſant 


and wholſome an Air, that no Place excels it, as 


Piſo 
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Piſo on the Seaſons there, in his Book of the Medicine 
in Braſil tells us: it's forepart that is inhabited 
hath always a pleaſant and favourable Gale from 
the Eaſt, which ſeems to be the general Wind, and 
not any ſtated Eaſt Wind, that refreſnes Man and 
Beaſt, keeping them from the intolerable Heat of 


the Sun that is juſt above them; and if the Sea 


flow with it, it comes early in the Morning, but 
if the Sea flow back from the Shore, tis plainly 
perceived to be later: nor doth it grow weak in the 
Evening, as in ſeveral Places of India, but is 
ſtrengthned with the Sun that moves with it weſt- 
ward, and continues briſk till after Midnight. Nor 
can the nocturnal Condenſations overcome the Di- 
lation and natural Motion of the Air that Way. 
ON the Weſt Side of Braſil, which ſeparates the 
vaſt tract of Mountains from Peru, there is a Weſt 
Wind, which though it be unwholſome and late at 
Night moleſts them by coming over a vaſt many 
unwholſome Bogs, yet it is reſtrained by the Moun- 
tains, and beat back by the morning Gales, that it 
ſcarce reaches the eaſtern Shores. | 
THOSE pleaſant Seaſons, tho' they continue 
without much Alteration, yet there is a Diffe- 
rence in the Night and Day of them ; which dif- 
fer as much, as to heat and cold, as they are equal 
in length ; for when the Sun comes near their Ze- 
nith, and hath opened the Pores of the Earth and 
of their Bodies, it goes far under the Horizon ; 
whence ariſes a greater Condenſation and Coldneſs 
in the Air in the latter Part ofthe Night, when the 
Dew falls more plentifully ; and this rigid Cold conti- 


nues from three in the Morning, about Cock-crow- 


ing, to the Sunriſing; and affects their Bodies fo as 
to be hurtful to Strangers, and if they guard not 
_ againſt it, they will have no pleaſant Life, either 

there or on the other Coaſts of India; which they in 


Braſil know well; and therefore have good Fires con- 
FE 7 1 ſtantly 
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ſtantly at their Beds in the Night, againſt the cold 


and venemous Inſects, 

MOREOVER, the Sun's riſing and falling 
ſtraight up and down makes a ſhort Twilight ; and 
the Days and Nights to be ſo equal, as not to be 
one Hour different. 

IN the Summer Nights the Cold is more intenſe 


than in the Winter Nights; which is ſtrange, yet is 


plainly perceived to be more mild in Winter, when 
the Air is calm and preſſed on all Hands by Clouds, 
while *tis gathering the Vapours into Rain, | 

THE beginning of the wet Seaſon is in March 
or April, and is over in Auguf; for the Sun re- 
turning from Cancer doth turn the Vapours into 
Wind; whence ariſe Storms and Whirlwinds, 
which the Spring doth ſoon ſettle, Thoſe about 
the Tropics find no change as to the Seaſons while 
the Sun comes to them, and goes from them twice 
in the Year, as ſome have thought (tho! we have 
given Examples to the contrary, and even here 
in Braſil), but only when the Sun goes from the 
Equator either South or North, 

THERE are only two Times of the Year, one 
hot and dry, called Summer, the other hot and 
wet like the European Summer, which 1s their 
Winter, which is obſerved in all the Indies between 
the Tropics; tho? the beginning and end of Sum- 
mer and Winter doth nor happen at the ſame time, 
becauſe of ſome Things peculiar to each Place, 
and the different Diſtance from the Equator ; yet 
the Year may be ſaid to contain ſix Months in- 
clining to a wet, and the other ſix to a dry Air. 
And tho in ſeveral Coaſts of Africa and Aſia, of 
the ſame Latitude with us, - there ariſe from 
thence different degrees of Heat, there is little or 
none, tho? the Sun goes juſt over their Zenith in 


Biraſil in October and February, and ſtrikes the 
Earth with Rays almoſt perpendicular. 


THIS 
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THIS diverſity of Heat threatens Death 
to the Inhabitants by the frequent noxious hot 
Calms; but here it promiſeth conſtant Health by 
an overruling Gale. 5 

WHENCE ve may learn that the Seaſons are 
not ſo much from the Sun's Motion as from the 
kinds of Wind, and the different Aſpects of the 
Stars, or Situation of the Place. 

SO that in the inland Parts of Braſil towards 
the Weſt, the Nights have been ſo much colder 
than nearer the Sea, that the Hair of the Head 


hath been covered with Hoar- froſt in the Morn- 


ing. | 
AND there is alſo in the weſt of Braſil a Sum- 
mer and Drought, at the ſame time that there is 
- in the Eaſt Winter Rains, and dark Weather. 

YOU may indeed often ſee the Heavens cover- 


ed with Clouds brought from the Eaſt to the Weſt, 


but they are thin and much rarified, when the 
wet Days are not. The Sun when riſing or ſetting 
may be looked on with ſteddy Eyes; there is a 
wonderful clear Sky every where eſpecially in 
the Evening, and the Moon that ſucceeds in the 
Night finds no Vapours or Clouds in the Air, it 
being ſo clear that the old and new Moon may be 
ſeen in one and the ſame Day; and Letters may 
be read when *tis but quarter Moon. 

THE different Aſpect of the Planets, with o- 
ther concurring Cauſes, give a bad Temperature 
to the Air, which in the Evening flaſhes frequent- 
ly with Lightning, even in the cleareſt and drieſt 
_ Seaſons. | 

THE Drops of Rain are very large, and fall 
down with great Force; and there is a ſuffocating 
Heat that follows, or goes before. | 

T HE Dew here, eſpecially in Summer, is fat- 
ter than that in Europe, and more fertile, being 
more impregnated with Nitre, and more penetra- 

| | ting 
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ting; being more refined, as appears in it's corro- 
ding all Metals, eſpecially Iron, not: to mention 
other Things that are leſs ſolid. \ 

THE Meadows and open F ;elds, tho* but 
little in Summer, yet in the rainy Months appear 
delightfully green, tho? perhaps not ſo to the In- 
habitants; and tho”. they have no Harveſt then, 
there is Food for their Cattle. So far from Piſs, 
And to make the better Judgment we ſhall men- 
tion fomewhat from other Authors. All the Fields 
in Bra/il rife into little pleaſant Hills; there being 
no high Mountains on the Shores, tho* at ſome 


Diſtance there are ſeen a few here and there among 


the dry Hills; and not in every Place, but at the 
interval of ſome Miles there are Vallies, watered 
with little Rivers, which make them fruitful, not 
in the rainy Months only, but even in Summer. 
The Hills themſelves are by the Heat of the Sun 
dried up, that not only Graſs, but the very Trees 
ſometimes die. It ſeldom rains all- Day, and all 
Night too; and very ſeldom for one Day without 
intermiſſion. The rainy Months are not always 
the fame. In the Year 1643, as Marcgrave obſer- 
ved, it rained ſeven Months, from the firſt of 
February to the firſt of September, but eſpecially 
in May and July; and in 1640 it rained the fame 
time, but eſpecially in April, May, and July; 
and in 1642 there were ſix rainy Months, March, 


April, May, June, July, and Auguſt ; and it is 


much alike in other Years. Yet theſe Obſerva- 
tions are only concerning one Place in Braſil, viz. 
Pernambuca, in eight Degrees Latitude; but 
thoſe are not the rainy Months in all Places; nor 
does the Rain begin and end at the ſame time in 


every Place. 


IT hence appears, that che Summer and Win- 
ter in Braſi] ſomewhat agree with the celeſtial 


Seaſons; the Rains being at the Sun's greateſt Di- 
ſtance 
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| ſtance; and in the mean and leaſt Diſtance ſouthward 
there is Heat: tho' there are in ſome Places ſome 


Things that do not ſo well agree, becauſe of the 


Winds and Situation of the Places. 


18, SO much for South America. But North A. 
merica is quite otherwiſe; for in Nicaragua, a large 
Province, whoſe middle is ten Degrees North La- 
titude, it rains fix Months, from the firſt of May 
to the firſt of November; in the other Months *tis 


| hot and dry in the Night as well as the Day, which 
| is againſt the Sun's Courſe; for in May, June, 
| &c, the Sun 1s at, or near, the Zenich, and then 
| they ſhould have Heat and Drought, and not 
Rains; and in November and December *tis moſt re- 
| mote, and then there ought to be great Rains. 


THE Mountains at St Martha, in eleven De- 
grees North Latitude, are for the moſt part co- 


vered with Snow. 


THUS we have conſidered the Seaſons in the 
Torrid Zone; from which we infer, 
1. THAT there is ſcarcely any Cold to be 


| felt in ſome Places; their Winter conſiſting in 


rainy Weather. 2. In ſome Places the Cold is 


{ ſenſible enough. 3. In the Night eſpecially, *tis 


cold in the laſt Watch; the Sun going ſo far under 


the Horizon. 4. One great Reaſon why the Heat | 


is tolerable, and the Places there habitable, is, that 
there are no long Days, but all near of the ſame 


length with the Nights; for if they were as long 


as in the Temperate and Frigid Zone they could 
not be inhabited, at leaſt not eaſily. 5. The 
Winds much leſſen the Sun's Heat. 6. Places 


| have Summer and Winter at different Times, tho? 


in the ſame Climate, and near one another. 7. The 
Places that have Heat and Drought againſt the 
Sun's Courſe, are ſituated in the Weſt, having a 
Chain of Mountains on their Eaſt Side; excepting 
Peru, 8, The Seaſons in different Places obſerve 
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no certain Law. 9. Moſt Inhabitants in the 
Torrid Zone count two Seaſons, as ſome Writer 
do, viz. wet and dry; yet there may be counted 
four, taking in a Spring and Autumn ; for as with 
us the Spring comes near to the Nature of Sum. 
mer, and Autumn to that of Winter; ſo may 
the dry Seaſons in the Torrid Zone be divided, 
10. In ſome Places there is a continual Autumn, 


in others only twice in the Vear, and in ſome 


only in one Part of the Lear. 
PROPOSITION XI. 

To ſhow how the Seaſons are in the T emperate Zone, 
1. IN this Zone the Cauſe, firſt NP TEN. 


in the firſt Propoſition of this Chapter, viz. the 
Sun's approaching to, or withdrawing from the 


Place, is ſo powerful, compared with other Cauſes, 


that it doth almoſt rule the Seaſons here of itſelf, 
For in the North Countries of the Temperate*Zone, 
Spring and Autumn are while the Sun goes from 
Aries, by Cancer, to Libra, for then 'tis nearer 
them; then going from Libra, by Capricorn, to 
Aries again, tis Autumn and Winter; but in the 
South Temperate Zone *tis quite the contrary : nor 
do other Cauſes quite take away the Force of this 
Cauſe, as they do in the Torrid Zone, 
2. YE T the Seaſons differ in different Places, fo 


as to make more cold or hot, rainy or dry Weather 
in one Place than in another, tho' both in the 


ſame Climate, tho? they do not turn Winter to 
Summer, nor Summer to Winter; for ſome Land 
is rocky, ſome boggy, ſome near, or far from the 
Sea; and ſome Places ſandy, others of Clay. 

3. MOST Places near the Tropic are very hot 
in Summer; and ſome have a wet Seaſon almaſt 
like that in the Torrid Zone, Thus in that Part of 

| Guzarat, 
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| Guzarat, beyond the Tropic, there are the ſame 


wet and dry Months as within the Tropic, and 
the Summer is changed into wet Weather; yer 
there is greater Hear there, as the Sun's nearneſs 
requires, than in the dry part of the Year, when 
there is ſome Cold; and we judge not with us of 
Summer and Winter by dry and wet, but by Heat 
and Cold. | 
AND on the Shores of Pera, and in Ormus, 


there is ſo great Heat in Summer, from the Sun's 
|  nearneſs, that both Men and Women fleep all 


Night in Ciſterns full of Water; and in Arabia 
tis as hot. | ; 


IT HRO' almoſt all Barbary (for ſo the Coun- 


tries of Africa on the Mediterrenean are called) after 
the middle of October there begins a raw Cold 


and Rain, as Leo Africanus relates; and in Decem- 


ber and January the Cold is more intenſe (as tis 
every where in the Temperate Zone), but that is 


| only in the Morning; nor do any then care for a 


Fire. In February the moſt part of Winter is over, 
but the Weather is ſo inconſtant as to change five 
or ſix times in'a Day; and in March the North 


and Weſt Winds blow very ſtrongly, and fill 


all the Trees with Bloſſoms, and in April the 


Fruits are all ſhaped; ſo that in the end of April, 
or beginning of May they have-Cherries naturally, 
and in the middle of May they gather Figs from 
the Trees, and ripe Grapes are found in ſome 
Places in the middle of June; their Harveſt Figs 


are pulled ripe in Auguſt; but theſe and the Per- 
ſian Apples are moſt plentiful in September. 


THE Weather in no part of the Year is ſo unſea- 


ſonable as not to have the three Months of Spring 


always temperate; they count their terreſtrial 
Spring to begin the fifteenth Day of February, and to 
end the eighteenth of May; in which time they have 


always a pleaſant Gale: if they have no Rain be- 
a: | tween 
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tween from the twenty fifth of April to the fifth 


of May, they count it a bad Omen; they count 
Summer to laſt *rill the ſixteenth of Auguſt, in 


which time they have a very hot and clear Air; 


they place their Autumn between the ſeventeenth 


of Auguſt and the ſixteenth of November, and in 


theſe two Months their Heat is not ſo great: yet 
the Antients counted the Time between the fif- 
teenth of Auguſt to the fifteenth of September to be 
the Baking Time of the Year, for then the Figs 
and Quinces, and ſuch kind of Fruit were ri. 
pened ; and their Winter they count begins the 
fifteenth of November and laſts 'till the fourteenth 


of February; and when it begins they begin to 


till the Plains, but not the Mountains *cill Oæo- 
ber, They are perſuaded the Year hath always 
forty Days very hot, which begin the twelfth of 
June, and as many very cold, which begin the 
twelfth of December. The ſixteenth of March and 
of September 1s their Day of Equinox; and the 
Day of Solftice is the ſixteenth of June and Decem- 
ber. They have great Winds in the end of Au- 
tumn, all Winter, and a good part of the Spring; 
and are much troubled with Hail, Lightning, and 


terrible Thunder, yea and abundance of Snow in 


many Places, which ſpoils their Corn, eſpecially 
when it falls in the day-time, and the Corn is in 
Flower, as Peaſe, Beans, Sc. 

IN the Mountain of Atlas, which is thirty De- 
grees thirty Minutes North Latitude, they divide 
the Year only into two Parts; for they have a con- 
ſtant Winter from October to April, and from April 
to Oclober again is their Summer; yet there is no 
Day in which the Tops of the Mountains are not 
covered with Snow. | 

IN Numidia the Seaſons of the Year paſs away 
ſwiftly; for in May they gather their Corn, and in 
OFober their Dates; and from the middle of 1 

temocr 
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tember there is a great Cold that laſts 'till Ja- 


nuary. 

W HEN there is no Rain in Ofober the Huſ- 
bandman loſes all Hope of ſowing his Corn; and 
ſo alſo if April have no Rain. And Leo Africanus 
tells us there are a great many ſnowy Mountains 


not far from the Tropic of Cancer. 


THE North Part of China, tho' in a Latitude 
not greater than that of Italy, extending from thir- 
ty Degrees to forty two of Latitude, yet the Cold 
feels very ſharp, ſays Trigautius, for the great Rivers 
and the Lakes are frozen. The Cauſe of which is 
not ſufficiently known, except we may ſay the 
Cold comes from the ſnowy Mountains in Tartary 
that are not far off: Which Cold they guard a- 
gainſt by the Skins of large Foxes, and Scythian 


Martins, which abound there. 


NEW Albion, tho' forty two Degrees North 
Latitude, and as near the Equator as Haly, yet 
is ſo very cold in June that when Drake, the 
Engliſh Admiral, went there he was forced to 
go back to the South Part; the Mountains being 
then covered with Snow : the Cauſe thereof is the 
cold Conſticution of the Ground, being ſtony. 

IN Egypt, which is bounded with the Tropic of 
Cancer the Spring (as Proſper Alpinus tells in his 
Book of the Egyptian Medicine) and temperate 


Time of the Year is in Fanuary and February; and 


Summer begins in March or April, and laſts Tune, 
July, and Auguſt; and Autumn is in September and 
October; and the Winter in November and Decem- 


ber. At the beginning of April they cut their 


Corn, and threſh it immediately, and not an Ear 
is to be ſeen in the Fields after the twentieth of 
May, nor Fruit on the Trees, and the River be- 
gins to overflow the fifteenth of June. | 
IN che Streights of Magellan, and the adjacen 


Countries, tho' they have not a greater Latitude 


than 
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han we have; being fifty two Degrees South; yet 
their Summer is not very warm, ſo that the Dutch 
found, in a Bay in the Streights, a large Piece of 
Ice in January, which ſhould be the hotteſt Month 
with them; and on the Mountains on the Shore 
is ſeen Snow all the Summer: and *tis found that in 
all the Countries of the South Temperate Zone the 
Cold is greater, and the Rains heavier, and in the 
Summer leſs Heat than in the North Temperate 
Zone, I doubt whether the Cauſe of it be that the 
Sun ſtays longer in the North Part of the Ecliptic 


and moves flower there than in the South Part. 


IN the Neighbourhood of the City of Peru, 


in the Province of Potoſi, there is ſuch a Cold 
that nothing grows for four Miles round it. 


IN the Kingdom of Chih, which extends from 
thirty Degrees of South Latitude to fifty Degrees, 


the Spring begins in the Month of Auguſt, ſooner 


than it ought by the Sun's Courſe, and ends at the 
middle of November ; and from that to the middle 


of February there is Summer; and then follows 


Autumn to the middle of May, when the Winter 
begins, which is very ſtormy and wet, and carries 
the Leaves from the Trees, and brings deep Snow, 
with great Froſt; which is ſoon melted by the Sun 
if it be not hid behind the Clouds for ſome Days, 
which is rare; but there ſeldom falls Snow on 
the Vallies; tho' it fall in great Quantity on high 
Places, and gathers between the Mountains in 
Heaps as high as the Mountains, and continues 


there almoſt all the Year; and when it melts it 


ſwells the Rivers, which run violently to the Sea, 
and overſpreads the Land, which makes it very 
fruitful: but tho? it ſnow ſeldom in the Vallies, 
yet it 1s vehemently Cold there, not inferior to 
that in many Places of Europe; partly becauſe of 


the great Latitude, and partly from a ſubtile pe- 


netrating. Wind that comes from the Mountains, 
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and are ſometimes inſupportable, which makes the 
Places near the Sea more temperate. 

THE Reader may find from Writers other 
Places different in their Seaſons, tho' in the ſame 
Climate, or near it. For Example; the Air in 


England is not ſo cold as in Holland or Germany: ſo 


that the Cattle are not put into Stables in Winter. 
There is between Tartary and Siberia, a Place in 
the Frigid Zone, or the North Part of the Tempe- 
rate, where are excellent Fields, pleaſant Mea- 
dows, and ſcarce any Cold or Winter; where is built 


the City Toorn, which is now increaſed ſo as to repel 
the Inſults of the Tartars. | | 


IN Japan, which extends from thirty one De- 
grees to thirty nine, North Latitude, there is a cold, 


S ſnowy, and wet Winter; when other Places in 


Europe of the ſame Latitude have not ſuch ſevere 
Cold, becauſe Japan is divided by ſeveral Streights, 
and lies in the middle of the Sea. 

IN America, and other Places near it, there is 
great Heat in Summer; for it lies among many 
little Hills: and the Rich go in Summer to the 
Tops of them, and ſtay there for ſome Months 
but the poorer Sort only go up in the Day-time, 


and come back in the Evening, 


PROPOSITION XIII, 


| To ſhow bow the Seaſons are, and what Day:-light 


_ - they have, in the Frigid Zone. 


THE Cauſes of the Seaſons and Day-light, 
delivered in the beginning of this Chapter, are thus 
in the Frigid Zone. . 

1. THE Sun's Center doth not riſe above the 
Horizon for ſome Days, or Months, according to 


the Sun's Diſtance from the Pole. 
VOL. IL. G 2. WHEN 
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2. WHEN the Sun is above their Horizon it 
ſends it's Rays obliquely to them, while it revolyes 
about the Horizon. OD» 
3. THE Sun does not go far under the Ho. 
rizon, even in Places at, or near, the Arctic Pole; 
and tho? it's Center doth not riſe, yet it's Limb 
appears for ſome Days before the Center riſeth; 
for the Sun's Semidiameter ſubtends an Angle of 
fifteen Minutes. For Example; Take a Place 
near the arctic Pole, whoſe Latitude is ſixty 
ſeven Degrees, and elevate the Globe to that 
Latitude, and you will ſee, at the North Part of 
the Horizon, that no Degree of the Ecliptic, from 
the nineteenth of Sigittarius, to the eleventh of Capri- 
corn, or the Sun's Center, at thoſe Degrees will 
riſe for twenty three Days, from the tenth of De- 
cember to the firſt of January; and yet a Part of 
the Sun will be all that time above the Horizon, 
On the twenty firſt of December the Limb touches 
the Horizon; but on the tenth of December, and 
firſt of January, half of the Sun will be above the 
Horizon, and it's Center in the Horizon; and 
when it's Center comes to the fourteenth of Ca- 
Pricorn it will be all above the Horizon, about the 
fourth of January; and ſo when in the ſixteenth of 
Sagittarius, or about the ſeventh of December. ä 
BUT in Latitude ſeventy, or ſeventy five, the 
Difference between the riſing of the Center and 
it's Limb will be ſmall, ſcarcely one Day, or one 
Day and a half; for the Declination of the Sun 
doth then begin to increaſe and decreaſe very faſt. 
FROM this ſmall Depreſſion it follows, that 
they muſt have the Twilight before Sun-riſing, 
and after Sun-ſetting, for ſome Hours ; and tho? 
the Sun riſe not for a whole Day, yet they will 
have the Light all or moſt Hours of the Day. 
THERE is another cauſe why the Sun is ſeen 
before it be elevated above the Horizon; viz. the 
| 19 Refraction 
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Refraction of the Rays; of which we treated in 
Chap. 19. . 
AND not only the Sun appears ſooner, but the 
Twilight comes ſooner into the Air than it would 
do if there were no Refraction. We ſhall give an 
Example hereafter. | 
4. THE Moon when full, or nearly ſo; con- 
tinues many Days above the Horizon, when the 
Sun continues under it; and the longer the nearer 
the Place 1s to the Pole: yet *tis not ſo high as 
to afford any Heat. But when the Sun continues 
above the Horizon for a whole Revolution, the full 


Moon is never above it. 


5. THEY have almoſt always the ſame fixed 
Stars above the Horizon; but not the ſame Pla- 
nets. Saturn is above it fifteen Years in Places 
near the Pole, and fifteen below it; and Jupiter 
ſix above and ſix below it ; Mars one Year : Mer- 


| cury and Venus about half a Year, from whence 


may ariſe great Difference in the Seaſons there. 

6. THE Land is rocky or ſtony in moſt 
Places; and but in few Places ſulphureous, fat, 
bituminous, or of Clay: in the former Caſe. the 
Land is ſomewhat barren, and in the latter mo- 
derately fertile. | Fo 

7. THESE Places are ſurrounded with Sea. 
We know little of the inland Parts, 

8. SOME Countries in the Frigid Zone have 
pretty high Mountains; and ſome have none at all, 
but are ſtretched out into large Plains. 

9. THERE frequently blow cold Winds from 
the Pole; the Eaſt Wind is rare, and the Weſt 


more rarely found there. In the cold arctic Circle 


the North Winds rage; but in the antarctic the 


South Winds. 


10. THEY have frequent Clouds and Rain. 
% FROM 
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FROM hence one may eaſily judge what Sea- 
ſons they have; for in Winter, when the Sun doth 
not riſe for ſome Days it muſt be dark, cloudy, cold, 
and froſty that cauſes the Places to be uninhabited; 
but they are not quite without Light then; the Moon 
being long above the Horizon: and there will be 
ſome Twilight from the Sun in moſt Places, tho' 
both theſe Cauſes may be hindered by Snow, 
Clouds, and Rain; for when the groſſer Clouds are 
not diſſipated by the Sun, they continue near the 
Horizon, and one cannot ſee far. There is no- 
thing growing there. What ſome ſay of the Land 
being more fertile, and the Air leſs cold nearer 
the Pole, does not ſeem probable; for neither in 
Nova Zembla, which is but ſixteen Degrees from 
the Pole; nor Spilzberg, which is but eight De- 
grees, is there any ſuch thing; but rather Snow, 
Rains, and cold Winds in the very middle of Sum- 
mer: nor doth it avail, that Sailors have found 


in Latitude eighty two, in Greenland, as they ſup- 


poſe, that the Graſs was green, and the Cold leſs 
than in Nova Zembla ; and that no other Beaſts are 
found there but the Rain-Deer, a Species belong- 
ing to theſe North Countries. Theſe Deer are ſo 
fatned in one Month with the Herbs there that 


their Fleſh taſtes deliciouſly. 


BUT ſeeing there are no more Examples of 
that kind in the Frigid Zone, we muſt not make a ge- 
neral Rule from it; eſpecially ſeeing a Reaſon may 
be given peculiar to that one; the Land being 
boggy and mooriſh ; and the Herbs not ſo much 


Land-herbs as Sea-weeds; which are fatning to 


the Deer, there being no other Herbs nor any 
Trees on the Spot. The Land contains a fat 
ſulphureous Subſtance, which being mixed with 
Sea Water or River Water, brings forth ſuch 
fat and oily Herbs; but the like Ground - _ 
| oun 
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found in other Places, but rather the quite con- 
trar x. | x | | 

IN theſe Places therefore there is little Light, 
but great Snows, Showers, Cold, and Winds 
from the Pole ; which , begin when the Sun enters 
Capricorn; tho* in Autumn, when the Sun is 
going from the firſt of Libra to the firſt of Ca- 
pricorn, they rage almoſt as much: but in Spring 
the cold Weather is more temperate, yet not 
without Snow, Rain, and cold Wind from the 
Pole. The Cold begins to be moderate as the 
Sun goes from the firſt of Aries to the firſt of Can 
cer; and in that time, or after, the Sun is above the 
Horizon for whole Days; when the Heat begins ; 
but *tis not ſo great as to melt all the Snow, much 
leſs the Ice. Wherefore Seamen tell us, there are 
Snows and Ice that have Jain in that Country for 
ever. Their Summer js from the Sun's entring the 
firſt of Cancer, to it's coming, to the firſt of Libra; 
in the former Part of it, the Sun is alſo whole 
Days above the Horizon, and thereby increaſes the 
Heat a little: ſo that June, July, and Auguſt are 
more mild; and in ſome Places the Heat is conſi- 
derable among the Mountains, But this is often 
hindered by Rains and Clouds, and cold North 
Winds, and ſometimes Snow ; ſo that no Corn can 
ripen, except in ſome Places near the arctic Circle. 

THAT the Reader may the better judge of theſe 
| Things, it will not be amiſs to give ſome Account 

of what the Dutch obſerved in the Frigid Zone, when 
failing the Streights of Waygat's and Nova Zembla : 
for Students may therein find ſomething to make 
them better acquainted with the uſe of the Globes. 


7UNE 13. 1594. New Style. About ſix Miles 


from Nova Zembla, when the Sun did not ſet, they 


meaſured it's leaſt Altitude at twelve at Night, and 


found their Latitude ſeventy three Degrees twen- 
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- OTHERS obſerved the ſame Day, but in 
Latitude ſeventy ſeven Degrees twenty Minutes, 
a great Quantity of Ice, which ſeemed to cover 
the whole Sea, ſo far as they could ſce from the 
top Maſt, 

ON the twenty firſt of Auguſt they could not paſs 
thro? the Streights of Waygai's for the great Quan- 


tity of Ice that came from the Tartarean Sea, and 


that thro? the whole Summer; ſo that they were 


forced to return without doing any thing. 


IN another Voyage they found, on the fifth of 


June, the meridian Altitude in the North one De- 
Be from which their Latitude was ſeventy four 


egrees: and the Sea was covered with Ice. 

ON the nineteenth of June they found, from 
the Sun's Height, their Latitude eighty Degrees 
eleven Minutes, about Greenland or Spitzbere. The 
Engliſh ſarveyed the Shores to Latitude eighty two 
Degrees; but found the Sea in the middle of 
Summer ſo bound up with Ice, that it ſeemed to 
be a =: of the Land; and there was a thick 
Cloud, roſs Vapour above the Sea, ſo that they 
could 25 ce far. 

ON the eleventh of Auguſt I 9963 in Latitude 
ſeventy fix, about Nova Zembla, they found Ice 
that reached to the bottom of the Sea; and on 
the twenty ſeventh Day they found their Ship ſo ſur- 

ounded with Ice, that they were forced to Win: 
ter there, without ſeeing the San. 

ON the twenty ſixth of September, the Cold was 
ſo ſevere that they could ſcarcely endure it: and 
the Snows were conſtant; 4 and 3 Earth was ſo 
bound up with Froſt that it could not be dug; 
nor could they thaw it with Fires. 

ON the firſt of September the Sun appeared a 


little in the South Meridian, above the Horizon | 


and the full Moon was elevated in the North, an 
was ſeen going round above de Horizon. 


| | Ma 3 
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ON the ſecond of November they ſaw the Sun 
riſe South South-Eaſt; tho? it did not riſe wholly, 
but went along in the Horizon to South South- 
Welt. 2h 


| ON the third of Navember they ſaw the Sun riſe 


South and by Eaſt; that is a Part of it, tho? they 
could ſee it all from the Top of the main Maſt. 


ON the fourth of November, tho' the Air was 


calm and clear, yet they could not ſee any of the 
Sun; but the Moon was then ſeen for whole Days, 


being at the Full; and the Cold was moſt vehe- 


ment: and after that, no Fire could warm them, 
and the Snows and Winds were fierce. T- 

ON the ninth, tenth, and eleventh of December 
the Air was clear; but ſo cold that our Winter 
was not to be compared with it; and the Stars 
were ſo clear that it was pleaſant to ſee them re- 
„„ 1 | 

THE Sun did not riſe all that time; yet they 


had ſome Twilight, in the South eſpecially : for 
there they have moſt Twilight at twelve o' Clock; 


which makes their Day in the Winter. 
ON the thirteenth of January the Air was clear 
and from that time they found a ſenſible increaſe 


in the Twilight, and ſome diminution of the Cold, 


and a ſmall Heat at Mid-day. 

ON the twenty fourth of January the Air was 
alſo clear; and then they firſt ſaw the Limb of the 
Sun in the South; and afterwards the whole Sun 
above the Hor1zon. 

ON the ſecond of May a ſtrong Wind removed 
the Ice from certain Places; in the Sea, they had 
a ſmall Heat ſome Days, but moſtly cold Winds, 
Snow, and Showers. 5 

IT is remarkable in theſe Obſervations that the 
Sun left them the ſecond of November, which 
by Refraction (that makes it appear nineteen 


Days ſooner) ſhould not have been ſo ſoon. It 
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ſeems the Difference in the Atmoſphere may ;auſe 


ſomething of this; for the Sun coming to the Ho- 
rizon after three Months abſence, the Air was there 


thicker and groſſer than it was in the former Year; 


when the Sun had been long under the Horizon. 
Yet I doubt whether the Diverſity of the Air can 
cauſe it to diſappear ſo many Days ſooner ; and it 
was otherwiſe obſerved by thoſe in 1634, when 
they wintered at Spitzberg: for the Sun did then 
leave them the twentieth of O#ober, and after a 
long abſence appeared again the twenty fourth of 
February 1634; and theſe two Days are almoſt 


equidiſtant from the twenty firſt of December. And 


in the laſt of the two Obſervations, they might eaſi- 
ly err a few Days; for being in their Bed they did 
not obſerve the Sun riſe on the twenty firſt, twen- 
ty ſecond, and twenty third of February: or ſome 
Clouds or Rain might hinder their ſeeing it. 
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ES eee el 


CHAP. XXVII. 


Of the Shadows which upright Bodies caſt when en- 


ligbined by the Sun; and of the Diviſions of the 


Earth that ariſe therefrom. 


EEING Bodies in different Places of the 
Earth caſt Shadows which are directed to diffe- 


rent Points ; and that other Varieties are obſerved 


therein; Men have admired hereat, as not know- 
ing the Cauſe. ' And the Inhabitants of the Earth 
are thereby divided into three Sorts ; which Divi- 
ſion is alſo applied to the Parts of the Earth's Su- 
perficies they inhabit; whence ſome are, called 


 Amphiſcii, others Heteroſcii, and the reſt Periſcii; 
which we ſhall explain a little, tho? it belongs not 


directly to Geography. 


SHADOWS take their Denominations from 


the Points they are ſtretched out to, as the Oriental 


Shadows, or Occidental, from the Sun's being Weſt 


or Eaſt; but we are to conſider thoſe chiefly that 
are in the Plain of the Meridian, from upright 
Bodies, the Sun being in the Meridian: and theſe 


are either North or South. 


THE Heteroſcii are thoſe that have the Sha- 
dow of upright Bodies tending to the North or 
South, every Day of the Year. 

PERISCIT are thoſe that have ſuch Sha- 
dows going round to all Points in one Day. 


AMPHISCII 
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— — 9 — —ͤ—y—-—-— —— — — 
— — * e 

1. - — po — — - r -£ Dp RD — — = 

* = — — boy * n 0-4 agg * — — __ 
RT i. i 3 * - = — — —— — N 
2 — — — * 78 —— 
2 as — Fo. a 1 * ä cms 
<4 "4 1 1 — — 


P at nar PIT IA 


* >, 


| B08 The Relative Part Scr. VI. 


* AMPHISCTII are thoſe that have ſuch Sha- 
dows tending to the North ſome Days; and in o- 
ther Days to the South. But not to exclude Places 
in the Tropics, for this laſt kind we ſubſtitute 
the Aſcii, who on a certain Day of the Year have 
no Meridian Shadow; and theſe are either 1. An- 
Phiſcii, that have no meridian Shadow on two 
Days of the Year; or on ſome Days that Shadow 


_ tends to the North, and on other Days to the South: 


or 2. They are Heleroſcii, who on one Day have no 
meridian Shadow; and on the other Days the Sha- 


do js always ſtretched to North or South. 


PROPOSITION I. 


The Shadow of upright Bogies tends to a Point oppoſite 
1 to that in which the Sun is. 


THOSE that are killed in Optics and Dial- 
ling tell us, that the Shadow, the dark Body, and 
the luminous Body are all in one Plain; and 


the end of the dark Body, of the Shadow, and 


the luminous Body are in one Line; for the erect 
Body, and it's Shadow with a Line from their two 
Extremities, conſtitute a Triangle, the three Sides 
of which muſt be in one Plane; and the Body be- 
ing upright, the Plane thro' it muſt be ſo alſo; 


and thus in a vertical Plane. And becauſe the up- 


right Body is between the Sun and the Shadow, 


theſe two muſt be in oppoſite Points. 


THERE are three Parts in the Shadow; 1. 
The dark Part, which is terminated by a Line from 
the upper Part of the Limb. 2. The central 
Shadow, intercepted between the Ray from the 
Center, and that from the upper Limb. And, 3. 
the Penumbra; between the central Ray, and the 
Ray from the inferior Limb, + 
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PROPOSITION II. 
Toy that live under the 7; Ts are ; Aſcii 


Heteroſcu. 


''F OR when the Sun is in ak Tropic of ae 
or Capricorn, upright Bodies have no Shadow; but 
when the Sun goes nearer the Equator, the Sha- 
dow is projected to the North or South, 


PROPOSITION III. 


Thoſe that live in the Torrid Zone are Aſcii 
ANT | . 


FOR take any Point on the Globe, in that 
Zone; and the Sun will be twice in the Year in 
the Zenith of that Place; and ſo there will be no 


| Shadow of upright Bodies. But in other Days the 


Shadow is projected either to the North, if the 
Sun be to the South of them; or to che South, i 
that be to the North of them. | 


PROPOSITION TV. 


Theſe i in the Temperate Zone a are | Heteroſel 


Ss FOR thi Sun all the Year is ſtill more ſooth- 
| erly from thoſe in the North Temperate Zone, and 
more northerly from thoſe in the South Temperate 
| Zone; whence the Shadow muſt always tend North 
| tothe one, and South to the other. 
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A Place being given in the Torrid Zone, fo find when 


by Prop, 10. Chap. 24. and thoſe are the Va”: 5 
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PROPOSITION v. 
Thoſe in the F rigid Zone are Periſcii, 


FOR the "0 doth not ſet to 1 for ſome 
Days, but revolves above the Horizon; ſo that 
the Shadow muſt turn round with it. 


PROPOSITION VI. 


the Inhabitants there wil be Aſeil, 


F IND when the Sun will * vertical to that 
Place, and there will be two Days when they will 
have no Shadow; as in Prop. 3. 


PROPOSITION vn. 


The Day of the Year being g given, to find thoſe Places 
wher: the People are Aſcii, or without Shadows. 


FIND the Places that the Sun is vertical to 
that Day by * 24. Prop. . and thoſe are the 
Places. | 


/ 


PROPOSITION vi. 


A Place being given in the F ak Rs, to find 
when the People there are Feriſcii. 


FIND when the Sun will not ſet to them, 


FRO PO- 


CAT. 27. of Univerſal Geography: 61 
PROPOSITION IX. 
The Day being given, to find where the People in the 
Frigid Zone will be Periſcii; and that the firſt 
Day. 5 


FIND the Places where the Sun begins not 
to ſet; and yourhave the People there, 


| PROPOSITION 3. 
Thoſe under the Equator have the Shadow one half of 


the Year to the North of them, and on the other 


half to the South of them: and on the two Days of 
\ the Equinox they are Aſcii, or without Shadow. 


THIS needs no Explanation. | 
PROPOSITION XI. 


To place an horizontal Plane ſo as an upright Style on 
it have no Shadow ſome Days ; and on other Days 
project one either to the North or South, as it is 
with thoſe in any given Place of the Torrid Zone. 


SUBSTRACT the Latitude of that Place, 
from the Latitude of your Place (but add if of 
different kinds), and what Degrees remain, make 
your upright Style bend ſo many ſouthward from 
the Perpendicular; and the Plane to which the 
Style is perpendicvlar, bending along with it, will 


be the Plane on which Shadows will be projected. 


as on the horizontal Plane in that Place of the 
Torrid Zone. = 
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on the Eaſt Side in the Afternoon; but on other Day; 


and in the Equinoxes the Shadow is carried thro! 


the Parallel of that Latitude. I ſay while the Sun 1s 


PROPOSITION XI. 


| \ 
In Places under the Equator the Shadow of an upright 
Style is in one right Line, all the equinoctial Days, be. 
ing on the Weſt Side of the Style in the Forenoon, and 


the Shadow turns in a Semicircle, 


IN Places in the Torrid Zone, while the Sun is 
between the Tropic and the Parallel in which the 
Place lies, the Shadow deſcribes leſs than a Semi- 
circle'; and in Places in the Temperate Zone, while 
the Sun is in the South Part of the Ecliptic, the 
Shadow deſcribes alſo a leſs Space than a Se- 
micircle; but in the North Part a greater Space: 


a Semicircle, excepting in the Equator, and at 
the Pole. 

THESE may all appear by inſpection on the 
Globe; or by deſcribing a Figure. 


PROPOSITION XIII. 


1n Places in the Torrid Zone, while the Sun is be- 
tween the Parallel of the Place and the Tropic neareſt 
zo it, the Shadow then goes back twice, repeating the 
Directions to the ſame Points once in the Forenoon, 
and once in the Afternoon : and the Sun will then 
ſeem to go back. | | 


ELEVATE the Globe to a Latitude leſs than 
thirty three Degrees thirty Minutes; and deſcribe 


between that and the Tropic, the Sun and the Sha- 
dow will ſeem to go twice back; and to repeat 
the ſame Directions. Apply the Quadrant of Al- 
titude to the Zenith, and turn it about *till it touch 

e 


N 
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the Parallel, in which the Sun is drawn on the 
Globe; and bring the Point of Contact to the Eaſt 
of the Horizon. From the Sun in that Point draw a 
Line to the Zenith of the Place, and it will cut the 
Line of the Sun's Courſe in a Point higher above 


the Horizon, where the Sun will direct the Shadow 
| the ſame way as when it was riling ; having had 


other Directions repeated between theſe two. And 


the fame will be on the Weſt Side of the Sun's 


Courſe, where it will ſet in the ſame Point it was 
in a few Hours before. | | 
THIS will appear alſo in Fig. 32. Suppoſe a 


| Place in the Torrid Zone, as L, in which there is a 


Style erected; and let AMF be the Tropic, or 


| the Sun's Parallel; and let the Sun be riſing in 
A: then the Shadow of the Style is projected in the 
Line La; and when the Sun comes to C the Sha- 
dow will be in the Line Le, and when it comes to 
| Git will be again in the Line La, and when it 


comes to the Meridian in M the Shadow is direct- 


| ed South in the Line Lin, and when it is in E, | 
and ſets in F, it will again have the ſame. Dire- 
| Ction, | - : 


COROLLARY. 
Is no Miracle that Shadows: go back on 


| Dals, except they go back on a ſudden ; or if they 
Point back to the ſame Hour-Lines, if the Style 
be not perpendicular, but parallel to the Poles : 
and tho? it be perpendicular, yet the Line of Sha- 
dos doth not ſhow the Hour, except the Plane 
of the Dial be in the equatorial Plane. 


PROPOSITION XIV. 


A Plane being given in the Torrid Zone, and one 


of thoſe Days in which the Sun and Shadow ſeem 
18 | . bo 
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to go back; to find the Point in which the Sun 
then is, and the Hour when it will be. 


\ 

ELEVATE the Globe for the Latitude, 
and mark the Sun's Place in the Ecliptic, and draw 
with Chalk it's Parallel that Day ; and applying 
the Quadrant to the Zenith, turn it about *till 
it touch the Parallel, and it will be on that Point. 

AND to find the Hour, obſerve the Point of 
Contact, bring the Index to twelve on the ho- 
rary Circle, and bring the Point to the Meridian, 
and the Index will ſhow how many Hours the 
going back begins before or after Noon. 


PROPOSITION XV. 


The Lengths of the Shadows decreaſe as the Sun riſes 
above the Horizon; and vice versà, increaſe as the 
Sun goes from Eaſt to the South; and again de- 
creaſe as it goes from South to Weſt. | 


FOR the Sun, the higher it is, comes near- 
er to the Zenith of the horizontal Plane; and 
therefore the Ray that terminates the Shadow 
comes nearer the Style of the Dial; and the Sha- 
dow thus becomes ſhorter : and the Sun being at 
the greateſt Height on the Meridian, the Shadow 
muſt be ſhorteſt; and in the Horizon it hath no 
Altitude; and therefore the Shadow is infinite. 


PROPOSITION XVI. 


Having the Altitude of the Style and Length of the 
Shadow, to find the Sun's Altitude; and from thence 
the Hour ; if the Latitude and Day of the Month 
be known, | 


| 
7 
( 
V 
a 


ce 
th 


THE Length of the Style, the Shadow, and 
the Ray that terminates the Shadow, make a right 
angled Triangle; and according to Prop. 15. Ch, 2. 
make this Proportion. As the Length of the Sha- 
dow is to the Length of the Style, So is the Radius to 


the Tangent of the Angle of the Sun's Altitude. 


Then find the Hour by Prop. 3. Chap. 29. 
PROPOSITION XVII. 


Having the Semidiameter of the Sun and E arth, to find 
the Length of the Shadow which the whole Earth 


caſts in the Heavens. 


THE Shadow of the Earth is conical, as they 
that are ſkill'd in Optics demonſtrate; and may be 
eaſily ſhewn by a Figure. Therefore we are to find 
the top of the Cone, (which comes on the Moon 


| when eclipſed) how far *tis from the Center of the 


Earth; thus: As the Difference of the Semidiame - 
ter of the Sun and Earth, is to the Sun's Diſtance 
from us; So is the Semidiameter of the Earth, to the 


| Length of the Earth's Shadow, or of the Axis of 
the conical Shadow. | N 


PROPOSITION XVII. 


| Having the Diſtante of the Moon from the Earth, and 


the Length of the Earth's Shadow ; to find how much 
of the Moon will be dark when ſhe is eclipſed, in the 
Ecliptic itſelf. 15 4 8 


BY the Rule of Tree; As the Length of the Sha- 
dow is to it's Exceſs above the Moon's Diſtance; 
90 is the Semidiameter of the Earth, to the Semi- 
diameter of the conical Shadow, where the Moon 
Enters It, 77 | 
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by that Semidiameter: which being doubled, give: 


clipſe; and from thence may be known how much 


mers uſe to expreſs the Quantity of the Eclipſe, 


the Shadow, is farther from the read; and ſo the 
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THEN, As the Diſtance of the Maon' is to 


this Semidiameter of the Shadow; So is the Radius 
to the Tangent of the Angle, at the Eye ſubtended 


the Angle oppoſite to that Diameter of the Sha. 
dow; with which compare the Angle oppoſite to 
the apparent Semidiameter of the Moon at the E. 


is dark : which if you deſire in Digits (as Aſtrono- 


and the apparent Semidiameter of the Moon which 
ſeems to be about twelve Inches or Digits in Breadth) 
ſay, As the Diameter of the Moon 1s to twelve Di. 
gits; So is the apparent s Semidiameter of the nnn 
to the Digits darkened. 


PROPOSITION XX. 


The farther a Place is any Day from the Equator, 97 
From the Parallel in which the Sun is, the larger 
the Shadow i 15 at twelve, and other Hours, 


BEC AUSE the Sun is further from the Zenit 
of thoſe Places; therefore the Ray that terminates 


Shadow longer. g 


PROPOSITION XX. | 


1f there be placed a Style above any Plane, ſo as to lok 
the ſame Way as the Axis of th: World doth, or be 
parallel to it; the Shadow of it will fall on that Lint 
of tbe Plane which is cut by the A 2 2 in 
which tbe Sun then 1s. | 


FO R the Shadow of the Axis, or Style, falls in 
the Plane of the Meridian Circle: becauſe the Sun, 
the Style, and Shadow, are all in one Planc, as 12 

: LES oy | | * * al 
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ſaid in Prop. 1. but as the Shadow falls alſo on the 

Plane that *tis raiſed. on, it muſt fall in the Line of 

| common Section of the Plane and meridian Circle, 


PROPOSITION XXL. 
To &ſeribe an E quinoFial Dial. 


LET the Plane either of Wood, Braſs, or ©: 
ther Matter, be raiſed above the horizontal Plane; 


| according to the Complement of the Latitude of the 


Place. | ling ln 

BUT 'tis better firſt to draw the Hour-Lines on 
the Plane thus: Deſcribe a Circle, which divide in- 
to twenty four Parts, and draw Lines from the Cen- 
ter to each Part; any one of theſe Lines may be 
taken for 12 of the Day; but if the Latitude of the 
Place be ſmall, there is no need to draw the 
Hours for Night, when the Sun is under the Hori- 
zon : upon the Center erect a perpendicular Style; 
this Dial being raiſed; ſo that the Plane of it ſhall be 
in the Equator, the Sun ſhines the one half of the 


Year above, and the other, in Winter, below 
and therefore the Hour-Lines muſt be on both 


See if! Sf 


FOR the fixing of it you muſt find the Hour of 
the Day, and cauſe the Shadow to come on that 
Hour; or elſe you muſt find a Meridian Line, 


which the Style is to be raiſed above. | 
ON this Dial may be drawn ſeveral concentric 
Circles, which will ſhew the Sun's Place and De- 


| Clination : Thus, divide the Style into 100 Parts, 


which being the Radius of a Circle, take the Com- 
plement of the Declination, 5 Degr. 10 Degr. 15 


Der. &c. and with the Tangent of theſe Degrees 


deſcribe concentric Circles; and when the end of 


the Shadow of the Style comes into one of them, it 


H 2 ſhows 
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ſhows the Declination and the Sun's Place, which 
may be mark'd on the Circles. | 


PROPOSITION XXII. 
7 o deſeribe a Dial on an horizontal Plane. 


B the Globe. Elevate the Globe to the Latis 
tude of the Place, and bring ſome remarkable Me- 
ridian under the Braſs Meridian, and the Index to 
12; then turn the Globe till the Index point to 1 
or 11, and obſerve how many Degrees on the Ho- 
tizon the Point in which the Meridian cuts the Ho- 
rizon, is from the North; and ſo many Degrees 
muſt the 11th Hour, or the Hour of one, make 
with the Meridian : then, the ſame way, make the 
Index, by turning the Globe, to point to 2 or 10, 
and you'll have the Degrees for thoſe Hours, on 
the wooden Horizon, between the Point where the 
Meridian cuts the Horizon and the North. | 
_ THEN {et the Style from the Center of the 
Dial above the meridian Hour of 12, and elevate 
it according to the Latitude of the Place; or n- 
ther make a right-angled Triangle, whoſe acute 
Angle at the Baſe ſhall be equal to the Latitude; 
which being firſt made of Paper may be afterwards 
of Braſs or Iron, and ſet it upright in the meridian 
Line. This may be better done without the Globe; 
which will be eaſier apprehended by. ſeeing it done, 
than many Words. 1 * 


* 


PRO PO. 
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PROPOSITION XXII. 


To deſcribe @ vertical Dial, whoſe Plane ſhall be due 
| Eaſt or Wet, 


THE Plane of the Dial being thus in the Me- 
ridian, draw a Line, elevated according to the La- 
titude, which will be the Line of 12, to thoſe go 
Degr. Eaſt or Weſt from you, as your Plane is di- 
rected; but ĩt will be the ſixth Hour to you: then 
cut that Line by another in the middle at right 
Angles, and on it ſet the Tangent Degrees found 


by the Globe, from the firſt Line both ways, and 
draw thro? theſe Points Hour- Lines parallel to the 


firſt Line, and the Style being parallel muſt be as 
broad as three Hours is diſtant from the firſt Line. 
Note, if the Vertical be due South or North, you 
make the Dial on it as in Prop. 22. only the Style 
muſt be raiſed according to the Complement of the 
Latitude. | | PW. 


PROPOSITION XXIV. 


To find by our Dial the Hour at another Place, tho- 
| ever fo remote from us. 


IT muſt be confidered, whether the other Place 
be to the Eaſt or Weſt; if to the Eaſt, they have 
12 before us, if to the Weſt after us. Find by the 
Globe the difference of Longitude between the two 
Places, which turn to Time, allowing 15 Degr. for 
an Hour; and add or ſubtract that Time from the 
Hour with us, as the Place is Eaſt or Weſt : their 
Hour-Lines may be alſo drawn on your horizontal 
Dial, as in Prop. 22, 
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PROPOSITION XXV. 


To elevate a Plane above our Horizon, and to draw ; 


Dial on it, in which the Shadow will ſeem to go back, 
a5 in Places of the Torrid Zone. 


WE ſhall chuſe here the Elevation of 10 Der, 
above the Horizon of the Place in the Torrid Zone; 
then in our Latitude, 52, the Plane muſt be raiſed 
42, and the Pole will be 10 Degr. above it; then 
make a Dial on that Plane for the Latitude 10, 
by Prop. 22. and put out the ends of the Hour-Lines 


next the Center, and erect an 7 5 Style, a litile 
from the Center, on the meri 


ian Line, ſo high 
as it would reach to the back of a Style that looks 
to the Pole, and the end of the Shadow of the ere& 
Style will ſhow the Hour, and ſeem to go back on 
ſome Days, as we ſaid above. All other kinds of 
Dials may be made by the Globe ; but becaule this 
belongs to Gnomonics we ſhall not treat further of 
It, | 


= . * 
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F 


CHAP. XXVIIL 


Of comparing the Celeſtial Appearances in different 
| Places of the Earth, 


T'ROM the Conſideration of the Agreement and 

Diſagreement of the celeſtial Appearances in 
different Places, there ariſe different Denominations 
of the. Inhabitants, tho* they are not of different 
Sorts; ſome being Antæci, others Perizci, and 


others Anti podes. | 


ANTOECTI are thoſe that live in the ſame Se- 
micircle of the Meridian ; but on different Sides of 
the Equator, and at equal Diſtances from it, 

PERIOE CI are in the ſame Parallel, but in 
different Semicircles of the Meridian : ſometimes 
all the People in one Parallel are called Periæci; but 
we ſhall not take it ſa, to avoid Confuſion. | 

ANTIPODES are thoſe that are diametrically 
oppoſite to one another. 

NOTE, theſe three Names do for the moſt part 
ſignify the People in both Places, as we explained 
them; tho* ſometimes they denote only thoſe of 


one Place, as when we ſay ſuch People are antæci 


or antipodes to others. 
PROPOSITION I. 


Thoſe that live in the ſame Semicircle of the ſame Meri. 
dian, have all the ſame Hours at the ſame Time. 
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FOR when the Sun comes into that Meridian, 
*tis twelve at Noon, in all the Places in that Me. 
ridian; and therefore they \muſt have all other 
Hours at the ſame Time; ſeeing the Sun's going 
from their Meridian to another Meridian fifteen De- 
grees from it makes an Hour; which is the twenty 
fourth Part of the Revolution to them both. 


PROPOSITION H. 
ah that live on different Sides of the Equator, baus 
7 


ferent Seaſons of Summer, Winter, Spring, and 
Autumn, at the ſame time. LE 


FOR the Summer begins in a Place according 
to the Sun's Courſe, when the Sun 1s neareſt to its 
Zenith; and the Winter begins when the Sun is fur- 
theſt from it: and becauſe the Sun goes from the 
North Hemiſphere to the South: contrariwiſe, as it 
leaves the one, it comes nearer to the other ; and 
therefore *tis Summer in one Place, the ſame Time 
that *tis Winter in the other. The Changes in the 
Seaſons in the Torrid Zone have ſomething peculiar 
to them, as in Chap. 26, i 


PROPOSITION I. 


They that are in the North Hemiſphere have, as they 
look to the Equator, the Eaſt on the right Hand, 
and the Weft on the left, the South before them, and 
the North behind them, but they that are in the 
fouthera Hemiſphere, have the Stars riſing on their 
right Hand, and ſetting on the left, as they turn their 
Face ta the Equator. | 


THE x that live on the Equator have the Eaſt 
on their right Hand, and the Weſt on the = 
: 85 while 


hk. AM. 
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while they look to the North, but contrariwiſe if 
they look to the South. | i 

THEY that are in the North Hemiſphere when 
they look to the Equator, the Sun will ſeem to riſe 
and ſet hehind them, while tis in the northern Signs; 
but when in the ſouthern Signs, it will appear to 
riſe and ſet before thera : and the contrary will hap- 
pen if they turn their Faces to the Poles. 4, 

SAILORS and others who underſtand nor 
theſe things, wonder at them; when they come 
to the South Hemiſphere: but they appear plain 
from the Globe. 5 | 


PROPOSITION IV. 


The Celeſtial Ap pearances to the An tœei are theſe, 


1. THEY have Mid-day and Mid-night, and 
all the Hours at the ſame Time ; as in Prop. 1, of 
this Chapter. 7 

2. THEY have contrary Seaſons at the ſame 
Time; when 'tis Summer with the one, *tis Winter 
with the other; and ſo as to Spring and Autumn. 

3. THE Days of the one are equal to the Nights 
of the other; and the Nights of the one to the Days 
of the other. „ | | 

4. WHEN the Days of the one increaſe to the 
longeſt, the Days of the other Place decreaſe to the 
ſhorteſt ; for the Days that are oppoſite to one a- 
nother in the Calendar, they have them equal ; that 
is, the twentieth of April in the one, to the 
twentieth of October in the other. . 

5. ON the equinoctial Days the Sun riſes and 
ſets at the ſame Time, but on other Days ſooner to 
one than the other; and theſe two Days the Sun 
hath the ſame Altitude in both Places: but each 
Hour in the Day on other Days, the Altitude dif- 


6. WHEN 


fers, 
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6. WHEN they look towards one another, the 
Sun and Stars ſeem to riſe and ſet on different 
Hands. | 
7. WHEN the Sun riſes and ſets bubate the 
* of the one, it doth ſo behind the other; and 


contrariwiſe. 


8. THEY have different Poles elevated equal, 


ly. 
oo D-REE Stars that never ſet to the one, are 
never ſeen by the other; and contrariwiſe. Theſe 
are all plain on the Globe. © 


PROPOSITION V. 


The Inhabitants of the Equator how no Antœci, and 
their Pericect are the ſame with their Antipodes. 


T HISi is plain from the Definitions we gave of 
them. . | 


PROPOSITION VI. 


A Place being given on the Globe, to find who are the 
Antceci, Pericaci, and e! to the Inbabi- 
 tants there. 


| FIND the Latitude of the Place by bringing it 
to the Braſs Meridian; and their Antæci will be in 
the ſame Latitude, on the other Side of the Equa- 
tor. 

BRI N G the Index of * lower Circle to twelve, 
and mark the Point in the Meridian above the Place 
given; and alſo mark the Point above the Antæci of 
that Place: then turn the Globe till the Index point 
to the other twelfth Hour, and you'll have the 
Periæci under the firſt mark'd Point of the Meri- 
dian, and the e under the other. 


PROPO- 
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PROPOSITION vil. 


They that live in the ſame Parallel, bave all the Days 
and Nights of the Year equa}; and each Star conti- 
nues the ſame Time above their Horizon: and the 
ſame Stars never riſe to them, and the ſame never 
ſet. The Sun and Stars all riſe and ſet on the ſame 
Point, and each Star is at the ſame Hour equally un- 
der or above the Horizon: they have the ſame 
Pole equally elevated, and the Stars riſe and ſet on 
, the ſame Side to both, when they turn their Face 10 
the Pole or the Equator, and have the ſame Seaſons 
at the ſame Times, excepting ſome Things . peculiar in 
ſome Places. 199! 


THESE Things are manifeſt from the Conſi- 
deration of the Stars, and the Situation of the Places 
on the Globe. If you elevate it to the Latitude of 
one Parallel, the wooden Horizon will be the Ho- 
rizon of all the Places in that Parallel; which will 
make the Propoſition plain. 


PROPOSITION vi. 
The Celeſtial Appearances of the Periceci are theſe. 


1. ALL thoſe Particulars agree to them which 
we mentioned in the preceding Propoſition of the 
Inhabitants of the ſame Parallel. 

2, THEY have Hours, which tho* nominally 

the ſame, yet are really contrary 3 for when ' tis 

twelve at Day with one, *tis twelve at Night with 

the other; and *tis two after Mid-night with the 
one, when ' tis two after Mid-day-with the other, Sc. 

3. ON the Equinoctial Days the Sun ſets to one, 

while 'tis riſing to the other; and ſo Night · time to 
the one, is Day-time to the other; but in the 
Fe TS - 
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of the Year, when the Sun goes thro? the Semicircle 


of the Ecliptic next to them, that is, in Spring and 
Summer, it riſes firſt to the one, before it riſes to 


the other; and therefore they have Day, or the Sun- 


ſhine, for an Hour, or part of an Hour, at the 
ſame Time; i. e. while 'tis ſetting in the Weſt to 


the one, tis riſing in the Eaſt to the other; but 


when the Sun is in the other Half of the Ecliptic, 
i. e. in Autumn and Winter, it ſets to the one before 


. it riſes to the other: And ſo they have no Day but 


a Part of Night common to both, and the Sun for 


ſome Time under their Horizons; yet ſo as to be- 
gin Night with the one, and end it with the other. 


- 4 THEY may both, the ſame Way, ſee thoſe 


Stars that decline from the Equator to the Pole, 


elevated to them at the ſame time for ſome Hours, 
or Parts of an Hour, i. e. before they ſet to one, 
they riſe to the other, and contrariwiſe : and that 
the longer, the further the Star be from the Equa- 
tor: but thoſe Stars that decline from the Equator 


to the Pole under the Horizon, they never ſee, at 
the ſame Time; for they ſet to the one, before they 


riſe to the other: and therefore for ſome Hours, or 
Parts of an Hour, they are ſeen by neither of them; 
and the longer Time, the nearer the Star is to the 
Pale. Thoſe that are always ſeen by the Antec, 
are always hid to the Peric i. 

5. THAT Part of the Earth which one of the 
Periæci hath on the Weſt, the other hath on the 
Eaſt. | „ 

N 
PROPOSITION IX. 


Toe Celeſtial Appearantes compared together, with re- 
gard to the Antipodes, are theſe, 


I, THE 
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1. THE Sun and Stars riſe to the one, when 
they ſet to the other, all the Year found; for they 
have the ſame Horizon. 

2, THE Day of the one, is the Night of the 
_— 

. E oppolite Days in the Year are equal, 
* alſo the Nights; ſo that when the one hath the 
longeſt, the other hath the ſhorteſt, 

4. THEY have contrary Seaſons at the ſame 
Time; and the fame at different Times. 

5, THEY have different Poles, equally eleva- 
ted; they are equally diſtant from the Equator, 
but have it on different Points ; they are in the 
ſame Meridian, but different Semicircles of ir. 

6. THEY have Hours nominally the ſame, 
tho? _ contrary ; *tis Mid-day to one, when 
Mid-night to the other, 

. THOSE Stars that are always above the 
Horizon of the one, are always under the Horizon 
of the other; and they that are long above the Ho- 
rizon of the one, are a ſhort Time above with the 

other. 
8. THE Sun and Stars ſeem to riſe on the right 
Hand to the one, and on the left to the other, when 
they both look to the Horizon; and if the one 
have the Sun before or behind, for half an Year or 
— the other hath it as long. 


PROPOSITION X. 


The Periceci of one Place, are the kb, of their, 
Antœci. 


AND thus chi Antipodes of one Place are Periæci 
to the Amtaci of that Place. 2 need no Proof, | 
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PROPOSITION XI 


A Place being given on the Globe, to find where- tbe 
People have Mid-day, and all the Hours at the ſame 


Lime; and to find where the Hours are Py # 10 
N the Hours in ibat Place. 


BRING the Place to the "4 Meridian, 3 
all Places under it count the ſame Hours; then 
bring the Index to twelve, and turn the Globe till 


it come to the oppoſite twelve, and the Place un- 


der the Braſs Meridian will ſhew where they count 
r Hours to thoſe of the given Place. 


PROPOSITION. XII. 

A . on the Globe being given, to find. the Places 
obere all the Days of the e are e to 1 ee 
ie former Back. 1 155111 


BRING the given Fu to the Meridian, and 
find the Parallel of the Amæci; then will all the 


4 2 in the Parallel anſwer the Queſtion. 


BUT if the Place be ſought 4 4n which the Day '$ 
are equal to the Nights of a given Place, and all 
the Hours the ſame 3 then the Place of the Anteci 


is the Anſwer. 


AND if all the Hours muſt be contrary, then 
the Place of the  Antipodes 1 is the Anſwer. 


PROPOSITION XII. 


Having a Place on the Glebe, and the Day of the Year 
o find the Hours when the Inhabitants of that Place, 
and their Antœci, can ſee the Sun at once; and the 


Hours, or Parts of an Hour, that the one will ſee 
ile Sun ſooner than the other, 


FIND 


5 
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FIND by Prop. 4. Chap. 25. the Length of the 
Day there at that Time, what that Length wants 
of twenty four Hours, are the Hours in a Day with 
the Antzci; for ſo many Hours they have the Sun 
above the Horizon at once, as their Day is long : 
if the Place be in the Equonoctial, they have each 
twelve Hours Day; if not, the one of the Antæci has 


more than the other: or thus, if the Length of the 


Day in the Place given be leſs than twelve Hours, 
then the Antæci will ſee the Sun for that Time and 
more, both before and after that Time; but if the 
Length of the Day be more than twelve Hours 

there, then you muſt take the Hours at Night, and 


ſo many the Antæci will ſee the Sun at once: and 


theſe Hours are near the Meridian in both Places, 


the Half before, and the other Half after, for 


they have the Sun in their Meridian at once. 

TH E difference of Days, or between the Nights 
and Days, in the ſame Place being halved, ſhows the 
Hours that the Sun riſeth ſooner, or ſers later than 
in the other Place, . 


PROPOSITION XIV. 


Having a Place on the Globe, and the Day of the Year, 
to find the Time that the Inhabitants, — their Pe- 
riœci, wil ſee_the Sun at once; and how long they 
. cannot fee it together. 


FIN D the Length of FR Day and Night at 


that Time in that Place; then the half of their Dif- 


ference is the Time that the Sun riſes ſooner to the 


one, than it doth to the other; and ſets to the 


. before i it ries to the other. 
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C HAP. XXIX. 


of comparing the 7 mes in one Place with theſe mY 


| another. 
PROPOSITION . 


* the Hour in one * Place, to find the Hour 
of another Place given. n 


PRE E Place fur which:the Hour is given dais 
brought to the Braſs Meridian, and the In- 
dex to 12, turn the Globe till the other: Place 


come under the Braſs Meridian; and the Index 10 


point to the Hour 1 in the other Place. 
PROPOS ITION II. 


Having the Hour in any Place given, to ſhow all. the 
Places on the, Globe, in which "tis then Mid. day or 
Mid. night, or any Hour you pleaſe. The Problem 
ſhould be propoſed and ſolved of the Earth itſelf, it 
being a Property of the Earth, if we were lo pro- 
ceed foientifically ; and this we underſtand F 7 * 
the following Problems. | 


BRING the Place to the Meridian, and the In- 
dex to the Hour of the Place; then turn the Globe 
til! the Index points to 12, and you ſee under 
the upper Part of the Braſs Semicircle, all the 
Places where *tis Mid-day, and in the lower Part 


where *tis Mid-night : and for any other Hour turn 
che 
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the Globe till the Index point to it, and you have 


the Places where *tis ſuch an Hour under the Braſs 
Meridian. | | | 


PROPOSITION II. 


Having the Altitude of the Sun, the Day of the Year, 


and the Latitude of the Place, to find the Hour for 
that Altitude. 5 


ELEVATE the Pole for that Laticude. and 


find the Sun's Place in the Ecliptic, and bring it 


to the Meridian; then fixing the Quadrant of Al- 
titude at the Zenith, and the Index at 12, move 
the Globe and the Quadrant till the Sun's Place 
come under the Degree of Altitude mark'd on the 
Quadrant; and the Index will point to the Hour. 


PROPOSITION IV. 


Having the Point the Sun is in at any Hour of a given 


Day, and the Latitude of the Place, to find the Hour. 
WORK as in the preceding Propoſition, and 


bring the . e to the Point, and the Sun's 
Place under the Quadrant, and the Index will ſnow 
the hour. What Point the Sun is in, is known by the 
Mariner's Compaſs. | 


PROPOSITION V. 


To know by the Globe, (when the Sun ſhines,) the Hour 


in a Place whoſe Latitude is given. 
ELEVATE the Globe for the Latitude, and 


make it's Axis point to the North; then fix a Needle 


perpendicular in the Sun's Place under the Meridian, 
the Hand being at twelve; turn the Globe till the 
VOL.IL "TM Need! 


632 The Relative Part Sk r. VI. 
Needle be under the Sun, and makes no Shadow 
on the Globe; and the Index will ſhow the Hour. 


PROPO SITION VI. 
| Having the Hour, as We reckon it, to know . the Hour 
from Sun-riſing, i. e. the Babyloniſh. Hour, or the 
Hour at Norimberg, 


T HE Babylonians of old, and the People of Norim- 

berg, now count twenty four Hours, from Sun, riſing 
to Sun-riſing the next Day. Elevate the Pole for 
the Latitude, and bring the Sun's Place to the Me- 
ridian, and the Index to twelve; turn the Globe 
till the Index point to the Hour given, then the 
Globe being fixed, bring the Index back to it, then 
turn it from Weſt to Eaſt till it come to the Hori- 
zon, and count the Hours from it to the Index 
Eaſtward 3 and theſe are the Hours ſought. 


PROPOSITION VIL 


| Again, having the Babyloniſh Hour, to find the Hour 
by our Reckoning, i. e. from twelve al Day, or Night, 


ELEVATE the Pole for the Latitude, and 
bring the Sun's Place to the Horizon on the Eaſt, 
and the Index to it, and turn the Globe till the 
Index points to the Hour from Sun riſing; then 
bring the Index back to twelve, and turn the Globe 
till you bring the Sun's Place under the Meridian, 
and you'll ſee how many Hours *tis paſt twelve or 
before twelve, by your reckoning. 
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PROPOSITION VII. 
Having the Hour, *as we reckon it, to find how many 


Hours are paſt ſince the Sun ſet laſt; that is, the 
Italian Hour. a | 
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THEY now in many places of Bah, as of 
old in Greece, begin their Day at Sun-ſer ; which 
laſts till the next Sun ſetting. —— 

TO find their Hour; elevate the Globe for the 
Latitude, and bring the Sun's Place to the Meri- 
dian, and the Index to 12; turn the Globe 
till it point to the Hour given, then bring the 
Hand to twelve, and turn the Globe to the Eaſt 
till the Sun's Place come to the Horizon, and 
count the Hours from twelve to the Index. 


PROPOSITION IX. 
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Having the Italian Hour from Sun-ſelting, to find the 
Hour, as we reckon it, from Mid-day or Mid. night. 


ELEVATE. the Globe for the Latitude, and 
bring the Sun's Place to the Meridian, and the In- 
dex to twelve; turn the Globe Weſtward till the 
Index point to the Hour given, then the Globe be- 
ing fix d, bring back the Index to 12, then 
turn the Globe till the Sun's Place come under the 
Meridian, and count the Hours from twelve to the 
Index Eaſtward ; and you have the Hours from 
Mid-day or Night, according to our reckoning. 


PROPOSITION X. 


Having the Hour, as we reckon it, in a given Day, to 
ind the Jewiſh Hour, as they and others reckoned. 


Fs - þ 
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IT appears from the Diſcourſe of Chrif, about 
the hiring of Labourers to the Vineyard, that the 
Jews, and other Nations before Aſtronomy was cul- 
tivated, divided the Day, from Sun-riſing to Sun-ſet- 
ting, into twelve Hours, and the Night intoas many, 
which are called planetary Hours for another Rea. 
ſon; but they are rather to be called unequal 
Hours : for ſeeing neither Days nor Nights are e- 
1 qual, but increaſe the one half of the Year, and 

ecreaſe the other, except under the Equator ; the 
Hours muſt be ſometimes longer, and ſometimes 
ſhorter ; tho* near the Equator there is no great 
Alteration, as we ſhew'd Chap. 25. and therefore 
they that are far from the Equator, as the Europe- 
ans, never uſed that Way, but only they in the 
Torrid Zone, or not far from it. | 4 

T HE Problem then may be propoſed more 
clearly thus: Having the equal Hour in any Day, to 
find the unequal Hour, which is the twelfth part of the 
Time the Sun is above the Horizon ; but the equal 
Hour is the twenty fourth part of the Time the 
Sun takes in going from the Meridian till it returns 
to it; which is the aſtronomical Day, _ | 

T O ſolve the Problem: Elevate the Globe for 
the Latitude, bring the Sun's Place to the Eaſt 
Horizon, and the Index to 12, and turn the Globe 
till the Sun's Place come to the Weſt : Thus you 
find the Length of that Day Then find the Hour 
from Sun-rifing or Sun-ſetting, if the Hour given 
be after Sun-ſetting, by Prop. 6 and 8. and ſay, as 
the Length of the Day (or Night) in Hours is to 
twelve Hours; ſo are the Hours from Eaſt (or Welt) 
to the Zewiſh Hour. ; 


PRO: 
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PROPOSITION XI. 


Having the Jewiſh Hour in a given Day, to find the 
Hour with us; or ts reduce the unequal Hour to the 
equal, 


D O as in the laſt Propoſition, and find the e- 
qual Hours in the Day; and when the Sun riſeth; ' 
then ſay, as 12 is to the Fewi/h Hour given, ſo is 
the Length of the Day to a fourth Number; which 
add to the Hour of Sun- riſing, and you'll have the 
Hour from Mid-night if the Number of theſe Hours 
be above twelve; reject twelve, and you have the 
Hour from Mid-day. 5 

T HE Jeuiſb Hours, mentioned in Chriſt's Diſ- 
courſe, cannot be accurately reduced to our Hours, 
the Day of the Vear not being added; therefore that 
third Hour may be our nineth, tenth, or eighth, 
and the eleventh Hour may be our fifth, ſixth, or 
ſeventh, according as the Day was in Summer, 
Winter, or in the Equinox; but the heat of the 
Day being mentioned, tis likely it was about the 
Summer Solſtice, | 


PROPOSITION XII. 


They who ſail to the Eaſt, till they come back to the 
Place they left, have ſeen the Sun riſe, paſs the 
Meridian, and ſet once more than the People they 
firſt left; and thus are one Day before them 
the firſt of January is the ſecond to them, and our 
Saturday they count Sunday; and if they ſail round 
twice or thrice, they will count two or three Days 
more. 5 

And they who ſail to the Weſt, round the Globe, count 

one Day leſs, ſo that *tis the thirty firſt of Decem- 

ber with them, when it is the firſt of January with 
= 13 others, 
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others, and our Sunday they count Saturday; and 

they loſe as many Days as they ſail Times round 
that Way, | * : 


T HIS was formerly a great Wonder to Seamen 
and others, after they had failed Weſt and came 
to the Oriental INands, and found they differed from 
other Europeans there by a Day, they accuſed one 
another of Negligence or Sleepineſs ; but the fre- 
ener of the Thing hath now taken away the 

Vonder, and given Mathematicians occaſion to 
explain the Cauſe of it; which is very plain, if Men 
will but conceive aright the Motion of the Sun, or 
of the Meridians on the Earth, and fix on ſome 
Beginning of the Day; for it depends on the di- 
urnal Circumvolution of the Sun, (not on its pro- 

r Motion, as ſome thought) which may begin at 
any Meridian Circle, and from thence go round till 
it come back to the ſame Meridian. 

AND becauſe they that ſail Eaſtward go to 
a Meridian ro which the Sun comes ſooner than 
ro that they left, they therefore begin to count a- 
nother Day ſooner. For Example; if they fail fif- 
teen Degrees Eaſtward, they will begin the Day 
an Hour ſooner, and this Anticipation ſtill increaſes 
as they go Eaſtward; and being come to the op- 
police Meridian, their Day begins twelve Hours 
ſooner; and having gone round, they begin the 
Day twenty four Hours ſooner than in the Place 
they came to, where 'tis Mid-day to both when the 
Sun is in the South. 5 

AND ſo they that go Weſt will have the Sun 
later in their Meridian by a whole Hour, if they 
ſail fifteen Degrees to the Weſt, which poſtpones 
the Day till an Hour for every fifteen Degrees, 
which comes to twenty four Hours in ſailing round, 


COROE: 


COROLLARY I. 
IF one ſail Eaſtward and another Weſtward, both 


round till they meet, the firſt will count two Days 


more than the ſecond ; and if they fail twice round 


he will count four Days more, tho* they live the 
ſame Number of Days; and the Days of the Eaſt 
Traveller will be ſhorter than the Days of the other. 


COROLLARY II. 


THE ſame would happen in whatever Place they 
ſhould meet one another, and from this was the 
Fact found firſt, and often afterwards ; for when 
Ferdinand Magellan had paſſed the Straits of 
Magellan and come to India, he found a Day's dif- 
ference in his Account, from the Account the Eu- 
| ropeans had there, who ſailed to the Eaſt; and ſo 
it was with all others that failed round. 


COROLLARY u. 
HENCE ir is that they differ in a Day in ſome 


Places near one another in the fame Meridian, as 
in the Philippine Iſlands, and Macao, a Sea-port in 


China, poſſeſs'd by the Portugueſe, and the iſles by 


the Spamards of Caſtile, as they ſay; for they are un- 
der the ſame Meridian, yet in Macao *tis Sunday, 


when in the Philippines tis but Saturday; and while 


in Macao they have Zaſter, and eat Fleſh, in 
the Philippines tis but Lent; and they celebrate 


not the Feaſt till the morrow : the Reaſon is, the 


Portugueſe came Eaſt to India, and from thence to 
Macao; whereas the Spaniard ſail'd Weſt, and came 


from America Weſtward to the Philippines, and tho® | 


they met in two Meridians near the ſame, yet they 


differ one Day in their reckoning. 
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DE Kot K. 90 96 e 
CHAP, XXX. 


Of the afferent riſing and ſting of the Sun, with its Al. 
titude, and other Appearances, in different Parts f | 
the E . 


PROPOSITIONI 
To Place the Globe, ſo that the Sun ſhining on it, thoſe 


Parts may be illuminated which the Sun illuminates 
any Day; and that it may at the ſame Time appear 
_ to what People the Sun riſeth every Minute, and to 

whom it is Mid-day ; to whom it ſets, and to whom 

it is Night, and to whom it is vertical; as likewiſe the 

Sur's Place i in the Ecliptic, the Day of the TN and 

Fe Hour of the Day in that Place. 


E. T the Place, for which the Globe is to be ſo ſi- 
tuated, be mark*d on the Globe, and brought to 

the Meridian, and the Point on the Meridian above 
it be marked with Chalk, and on that Point hang 
the Globe; and if you would have it faſt, you muſt 
run an Iron Rod thro? that Point, and the Center 
to the oppoſite Point, and have the ſame wel] fix*d 
to ſome Plain below. 
THEN place the Globe due North and South 
by a Meridian Line, or by the Compaſs: the 
Globe being thus placed, you may ſee every Minute 
the enlightened Part of the Earth, and that whick 
is dark, and the Places in the middle of the illumi- 
nated. Part have Mid-day men, and thoſe in the 
| eaſtern 
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eaſtern Meridian that bounds the Light and Dark- 
neſs have the Sun ſetting, and thoſe in the weſtern 
the Sun riſing. = 9 
1 O find Sun's Place in the Ecliptic: Move 
a ſmall Needle, placed perpendicularly about the 
middle of the enlightened Part till it have no Sha- 
dow, and that place on the Globe brought to the 
Meridian, will ſhow the Declination of that Point 
of the Ecliptic in which the Sun then is; and the 
Sun's Place will be known according as the time of 
the Year is, and from thence the Day of the Year; 
and that Place where the Needle hath no Shadow, 
hath the Sun vertical to it, and a Parallel thro? that 


Place will ſhow all the Places that will have it ver- 


tical that Day. And to find the Hour of that Place 
for which the Sun is thus fixed, bring the Place to 
the Meridian, and the Index to 12, and turn the 
Globe till the Place, or that for which the Globe 
is ſituated, come to the Meridian, and the Index 
will ſhow the Hour. | 

BUT becauſe the Globe cannot revolve while 
*tis fixed to the Iron Rod, it will be convenient to 
fix a Quadrant on a Meridian, ſo as to turn round 
the Pole, or an Arc of 113+ Degrees, which be- 
ing brought to the Needle's Place, will ſhow the 
declination of the Sun; from which may be found 
the Sun's Place and Day of the Year : and the Dif- 
ference between that Arc and the Braſs Meridian 
counted on the Equator, will give the Degrees; 


which being turned to Hours, fifteen Degrees to 


an Hour, will give the Hour of the Day before or 


after twelve, as the Sun 1s to the Eaſt or Weſt Side 


of the Meridian. | 


IF there be fixed to the Pole of the Globe ſuch an 


Arc of Braſs as was before ſaid, there may be fixed 
to it a piece of Braſs that hath a perpendicular Style 
on it, which piece ſhall ſlide up and down, accord- 

ing to the Sun's Diſtance from the Equator, _ 
there 
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there will be no need of a Needle or ſpherical Gno-—- 
mon, and it will be leſs liable to Error. 


| PROPOSITION Il. 

The Globe being placed as before, it may be ſhewn (when 
the Moon ſhines) to what People the Moon appears 
any time it is above our Horizon; and who have the 

Moon riſing, ſetting, or in their Meridian. 


THESE are all plain from the preceding Pro- 
poſition. 
| PROPOSITION II. 


The further any Place © from the Parallel the Sun is 
in at any Time, the Sun riſes the leſs above their 
Horizon. . | | 


TAKE any Place in the ſame Meridian where 
they reckon the ſame Hours, then deſcribe the 
Sun's Parallel for any Day, and it will appear that 
any Point in it will be further diſtant from that 
Place which is furtheſt from the Parallel, (and the 
ſame way it is in the Heavens) and ſo the Altitude 
will be leſs. 


PROPOSITION iv. 


The nearer a Place is to the Pole, the Points on the 
Horizon in which the Sun riſes or ſets at the Sum- 
mer and Winter Solſtice, are the more remote; and 

the ſame may be aid of the Moon and other Planets, 


TAKE two Places of different Diſtances, and 
elevate the Pole for their Latitude, and you'll ſee 
where the firſt of Cancer riſes, and the firſt of Ca- 


Pricorn, at both theſe Elevations, from which you | 
| | ce 
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ſee that they are more diſtant in the greateſt La- 


titude or Elevation; and their Diſtance from the 
Eaſt in riſing, or Welt at ſetting, which Aſtro- 
nomers call the NE is greateſt in the greateſt 
Latitude. | 


PROPOSITION * 


The Stars ſituated between the Parallel of 4 Place, 
not in the Equator, and the Pole, are leſs elevated 
above the Horizon of the Places between that Parallel 
and the other Pole, than in the Places between the 


Parallel and neareſt Pole, 


THIS is eaſily cried by "_— the Globe 
for two Places. 


PROPOSITION VI. 


Tn Places in the Equator the Sun and Stars riſe direłi- 
ly up to the Meridian; but out of it obliquely. 


DRAW a Parallel of the Sun on the Globe, 
and place the Poles in the Horizon, and you will 


ſee any Point in the Parallel riſes directly above 


the Horizon; then elevate the Globe for ſome 
other Latitudes, and you will ſee the Parallel be- 
come more oblique to the Horizon, and molt 
at the greateſt Latitude. 


PROPOSITION VII. 


The greater the Latitude f a Place is, a Sign in the 
"Extiptic takes the more time in riſing ; but they all 
paſs the Meridian in equal nes. 


ELEV ATE the Globe Girſt for one Latitude, 


and bring the beginning of the Sign to the Ho- 
rizon, 


en eee — n nn r 
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Tizon, and the Index to 12, and you will ſee how 
many Hours paſs before the Sign be wholly above. 
the Horizon: and do ſo for a greater Latitude, 
and the Propoſition will be plain. 


PROPOSITION VIII. 


The Day being given, to find where the Sun will riſe 
in any given Point. 


THIS Problem ſhould be propoſed of the 
Earth itſelf, as alſo thoſe that follow, if we were treat- 
ing ſcientifically; for *tis a Pro operty of the Earth 
and not of the Globe; yet the Globe repreſenting 
the Earth, *tis ſufficient for Practice. 

THE Problem is the ſame with that Prop. 11. 
Chap. 23. where having the Point and the Day 
of the Year in which the Sun riſeth, to find the 
Latitude of the Place, or the Parallel in which 
we may be ſure we are. | 


— 


PROPOSITION IX. 


The Day and Hour, or Part of an Miao, being given, 
10 find the Point on the Globe that the Sun is ver- 
lical to. | 


BRING the Sun's Place to the Meridian, and 


mark the Point above it; then find thoſe Places 


in whoſe Meridian the Sun is at that Time, and 
bring them to the braſs Meridian ; then the Place 
under the marked Point 1 is the Place * 


PROPOSITION X. 


The Day and Hour being given, to find thoſe Places 
whey the Sun hath a given Altitude under ninety 


_ 
FIND 


e AMO a5 oF, 
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FIND the Place the Sun is then vertical to, 
and bring it to the Meridian, and fix the Qua- 
drant of Altitude in the Point above it, and mark 
the given Altitude on the Quadrant; then turning 
it about, the Mark will go over all the Places 
where the Sun hath that Altitude above the Hori- 
2zon. | | 


PROPOSITION XI. 


To find all the Places on the Globe where the Sun is 
riſing, ſetting, and in the Meridian; and what 

Places are enlightened, or in the dark, at any Hour 
of the Day given. 12141211 


FIND the Place where the Sun is then vertical, 

and bring it to the Meridian, and elevate the 
Globe for the Place, then all the Places under 
the braſs Meridian have Mid- day; and thoſe in the 
Weſt Horizon have the Sun riſing; and thoſe in 
the Eaſt Horizon have it ſetting; and the Places 
above the Horizon are enlightned; and thoſe un- 
der are in darkneſs. + 

Note, This is to be underſtood of the Center of 
the Sun's riſing and ſetting ; for the Sun illumi- 
nates ſomething more than the Half of the Earth; 

as we ſhall ſee in the following Propoſition. 


COROLLARY. 
WE may thus ſee where the Sun riſes or ſets at 
our Mid-day, or where *tis Mid-day when *tis 


Night in our Horizon; which is a pleaſant Diver- 


PRO. 
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PROPOSITION XI. 


Having the Semidiameter of the Sun, and of the Earth, 
and the Diſtance of the one from the other, to find 
how much of the Eartb is illuminated by the Sun. 


(Fig. 33.) LET the little Circle be the Earth, 
A it's Center, -and S the Sun's Center, LB and 
oc will be the Rays that touch the Globe of the 
Sun and Earth, and diſtinguiſh the enlightned 
from the dark Part, i. e. BDe from BEc. Let 
the two Rays LB, oc meet in R, and BN be 


drawn parallel to AS. In the Triangle B NIL 


there is given NL, the exceſs of SL above AB, and 
BN equal to AS; and B LN is a right Angle, 
BL being a Tangent; then find the Angle NB L, 
as BN is to NL, ſo is the whole Sine to the Sine 
of the Angle BNL; and LNB and NB L being 


equal to a right Angle, and BNL equal to ASL 


.. | = 
THEREFORE the Arc' of the Angle 
NBL is equal to the Arc BM, the exceſs of 
DB above ninety Degrees, and ſo the Arc DC. 
AND if we make the Sun's Semidiameter 52 
of the Earth's, and AS 1168 Semidiameters, MB 
will be thirteen Months more than the half ME Q. 


COROLLARY. 


WHEN therefore the Center of the Sun riſes to a 
Place, it's Limb riſes to the Inhabitants in a Paral- 
lel to the Horizon thirteen Minutes under it; and 
when the Sun's Center ſets, it's Limb is ſeen *til 
it's Center ſet to thoſe in a Parallel thirteen Mi- 


nutes from our Horizon. 


PR O- 


* 
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PROPOSITION XII. 


Having the Height of: a Mountain, to find how much 
ſooner the Sun will riſe, and how much later it will 
ſet, -than in the Valley below. 


FROM the given Height find, by Prop. 5. 
Chap. 9. the Interval, or Arc from which the 
Top of the Mountain may be ſeen ; or where the 
Tangent Line will terminate the Arc: this Tan- 


gent Ray is the firſt that can come from the Sun 


to the Top of the Mountain. | 
T HIS Point in which the Ray, from the Top 


touches the Earth, is the Place where the Sun 


riſes when *tis firſt ſeen at the Top; and this 
Arc ſhows how much the Sun is under the Hori- 
zon of the Valley, when firſt ſeen at the Top. 
THE Problem then comes to this; having the 
Depreſſion of the Sun under the Horizon, to find 
how ſoon, it will come to the Horizon: from 
which it appears, that it will depend on the Time 
of the Year. Let the Pole then be raiſed for the 


Latitude of the Place, and the Quadrant fixed 


to the Zenith; then bring the Point oppoſite to 
that in which the Sun is at a given time to the 
weſtern Horizon, and the Index to 12, then ob- 
ſerve the Degrees of Depreſſion under the Hori- 
Zon on the Quadrant, and make that Point come 
as high above the Horizon, by applying it to 


the Quadrant, and the Sun will then be fo far un- 


der the Horizon; then turn the Globe *till it come 
to it, and the Index will ſhow the Time. But 
becauſe the Time is ſmail, *tis better to do it by 
Calculation. Suppoſing then the Height of the 
Mountain three Quarters of a German Mile, and 
the Depreſſion. about three Degrees, the Lati- 
tude of the Place thirty eight Degrees, and = 

| un 
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Sun in the fifteenth of Leo, and that the Sun is 
ſeen at the Top thirteen Minutes ſooner than be- 
low. Hence it will appear how unlikely it is 
that Ariſtotle ſays of the Tops of . Caucaſus, and 
Pliny of the Mountain Caſius, viz. that they are en- 
lightned a third Part of the Night. But how high 
that ſuppoſes the Mountains to be we ſhall ſhow 


in the following Propolition. 
PROPOSITION XIV. 


Having the Time that the Sun is ſooner ſeen on the 
Top than at the Foot of a Mountain, to find it's 
Height. | 


ELEVATE the Globe for the Latitude of 
the Foot, mark the Point on the Ecliptic op- 
polite to the Sun, and find how much the Sun is 
depreſſed for that Time; then from that Arc, as 
2 Diſtance from which the Top can be ſeen, find 


the Height by Prop. 4. Chap. . 
PROPOSITION XV. 


Having the Moon's Place in the Zodiac, and it's La- 
titude, to find the Places it will be vertical to in 
ts Revolution that Day. 


MARK the Moon's Place, taken from an Ephe- 
meris, on the Ecliptic, and apply one end of the 
Quadrant of Altitude to the Pole of the Eclip- 
tic; and the other to the Mark in the Ecliptic, 
obſerve the Moon's Latitude on it, and mark the 
Moon's. Place thus on the Globe with Chalk, 
deſcribe a Parallel thro? it, and all the Places in 
the Parallel give the Anſwer. Underſtand the ſame 
as to the other Planets; having their Latitude and 


Eongitude given, 
. P R O- 


PROPOSITION XVI. 


Having the Moon's Place in the Zodiac, with it's La- 
titude and Day of the Year, to find when it will 
riſe, ſet, or be in the Meridian in any Place, 


'ELEVATE the Globe for the Latitude, and 


mark the Sun's Place, and alſo the Moon's, as 
we ſhowed in the preceding Propoſition; then 
bring the Sun's Place to the Meridian, and the 
Index to 12, and turn the Globe 'till the Moon 
riſe, be in the Meridian, and ſet; and the Index 
will ſhow the Hour. The ſame may be done for 
the other Planets. | 


PROPOSITION XVII. 


To find the Places on the Globe where the Moon will 
be, riſing, or ſetting, or in the Meridian, at any 
Hour, having it's Latitude and Longitude. 


MARK on the Globe the Sun and Moon's 
Place as before, and bring the Sun's Place to the 
Meridian, and the Index to 12, turn the Globe 
'till the Moon's Place come to the Meridian; and 
mark the Hour on the horary Circle; for thereby 
you know in whar time the Moon will come to 
the Meridian after the Sun ; and then deſcribe the 
Parallel of the Moon, by bringing it to the braſs 
Meridian, Next bring the Sun's Place to the 
Meridian, and the Index to 12, and turn the 
Globe 'till it point to the Hour given; and all 
the Places under the braſs Meridian will have the 
Moon then in their Meridian, Bring back the In- 
dex to 12, and turn the Globe till it point to the 
Hour given; then the Point in the Parallel un- 


der the braſs Meridian, ſhows the Place where 
On K tis 
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tis then vertical: which Place bring to the Zenith 
of the Horizon; and thoſe in the Eaſt Horizon 
have the Moon ſetting, and in the Welt, riſing, 
The ſame may be done for the other Planets, 


PROPOSITION XVIII. 


Having the Day and Hour in which there is to be an 

Eclipſe of the Moon; to ſhow on the Globe all the 
Places where it can be ſeen, and particularly thoje 
that will have the Moon in their Meridian, and in 


their Horizon, either riſing or ſetting. - 


THIS differs a little from the former; but 
hath a much eaſier Solution. 3 
FROM the given Day mark the Sun's Place, 
and the Point oppoſite to it is the Moon's 
Place. 
FIND the Place on the Globe where the Sun 
is then vertical, and find their Antipodes by Prop. 
6. Chap. 28. and with them the eclipſed Moon will 
be vertical. Elevate the Pole for the Latitude of 
that Place, and bring it to the Zenith, and all the 
Inhabitants above the Horizon will ſee the Eclipſe; 
and they under the braſs Meridian will ſee it in 
the Meridian; and thoſe in the Weſt or Eaſt Ho- 
rizon will fee it riſing or ſetting. 3 
BUT whereas an Eclipſe laſts ſome Hours, and 
there may be conſidered it's beginning, middle, 
and end, we here conſider only it's middle. 
AND the Moon being leſs than the Earth, it 
illuminates Jeſs than an Hemiſphere ; and is ſeen 
at once by the Inhabitants in the leſſer Part, ſo 
as *tis not longer ſeen by thoſe in the eaſtern 
Horizon, the” at the ſame Time ir hath not yet 
appeared to thoſe in the weſtern Horizon. And 
we muſt conceive a ſmall Circle parallel to the Ho- 


rizon that terminates the light and dark Part: lar 
| how 
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how much 'tis leſs than the EK a we ſhall 
ſhow in the next Propoſition. 


PROPOSITION XIX. 


Having the Semidiameter of the Earth and Moon, 
and their Diſtance; to find how much of the Earth 
may be illuminated by the Moon at once. 


THIS is done the ſame way as in Prop. 
11, Let (Fig. 33.) the Center of the Earth be 8, 
and of the 4. A, draw the Tangents LB, OC; 
theſe are the laſt Rays that come on the Earth, and 
ſo the Arc O HL denotes the Part that is illumi- 
nated, where they can all ſee the Moon at once, 
which how much [es i it is than an Hemiſphere, will 
appear by finding the Angle HSL, or the Arc 
HL. Draw BN parallel to AS, then BA will 
be equal to SN, and NL the Difference of the 
two Semidiameters, and BN being equal to AS, 
and NLB is a right Angle. Then in the Triangle 
NBL the Angle NB L may be found thus; as 
NB to NL, fo is the whole Sine to the Sine of 
the Angle LBN, whoſe Arc is the Difference 
of HL and a Quadrant. Suppoſe then the Dia- 
meter of the Moon, to be 5; of the Earth's and 
in full Moon, let the Moon's Diſtance be 64 Semi- 
diameters of the Earth, then NL will be r; and 
as 64 is to 35, ſo is 100c0000 to 114583 the 
Sine of 39 Minutes, and ſo HL is leſs then 90 
Degrees by 39 Minutes or 89 Degr. 21 Min. 
And thus they muſt be 39 Minutes above the 
Horizon before the Sun lets t to tern, 


* PR O- 
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PROPOSITION XX. 


Having the Declination of a Star, to ſhow on the Globe 
all the Places where that Star will be vertical in it's 


Revolution, 


MARK it's Declination on the braſs Meridian, 
and under that Mark draw a Parallel, and you 
have the Places. 


PROPOSITION XXI. 


Having the right Aſcenſion of a Star, and the Day of 
the Year, and Hour of the Day; to find the Places 
where that Star will be in the Meridian at a given 
Hour. : | e 


MARK the right Aſcenſion of the Star on 
the Equator, and bring the Sun's Place to the 
Meridian, and ſee what Degree of the Equator is in 
the Meridian; then the Diſtance of the two Points 
obſerved being turned to Time, ſhows the Diffe- 
rence of the Times of the Sun and Stars coming 
to the Meridian; then find the Places where the 
Sun is in the Meridian at the given Hour, and 
the Hand being brought to 12, turn the Globe 
till the Degrees marked on the Equator come to 
the Meridian; then all the Places under the braſs 
Meridian will have the Star in their Meridian at 
that Time. 


PROPOSITION XXII. 


Having the Declination and right Aſcenſion of a Star, 
and the Time of the Day given, 10 find by the Globe, 
(1) The Place tis vertical to. (2) The Places 
where *tis above, and where "tis under the Horizon, 
and (3) where is in the Meridian, and where i 


” then riſes or ſets, 
; FIRST 


— 
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FIRST, from it's right Aſcenſion, find where 
the Star is then in the Meridian, and keep thoſe 
places under the Meridian, and count the De- 
clination of the Star on the braſs Meridian, and 
you have the Place 'tis then vertical to; bring 
that Place to the Zenith, the Globe being ele- 
vated for it's Latitude, and thoſe Places under 
the braſs Meridian will have the Star in the South 
or North Meridian, and thoſe in the eaſtern Ho- 
rizon will have it ſetting, and in the weſtern riſing. 


PROPOSITION XXII. 


To find by the Globe the Places where the Sun, Moon, 
and Stars will be as long under the Horizon as they 
are above, with us or any others. 5 


BRING the Place to the Meridian, and find 
the Antœci of that Place; who will have them 
as long under the Horizon, as they are above 

8 that Place; as may be eaſily ſhown on the 

obe. 8 


PROPOSITION XXIV. 


To ſhow the Cauſe why the Length of the Days in- 
creaſes or decreaſes faſter at the Equinoctial than 
at the Solſtices, where there ſeems to be little dif- 
ference ;, and that in all Places, except at the Equa- 
tor, and the more the further from the Equator. 


FOR Example; Let us take thirty Days be- 
fore the vernal Equinox (from the twenty firſt of 
February to the twenty firſt of March), and thirty 
Days after the Winter Solſtice (from the twenty 
firſt of December to the twenty firſt of January): 
I would know why the twenty firſt of March ex- 
ceeds the twentieth of February, more than the 
K 3 twenty 
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twenty firſt of January doth the tv enty firſt of 
December. | 3 | yh 
THE Parallel for theſe four Days being drawn, 
you will ſee that of the Equator is further from 
that in the firſt of Piſces or Scorpio, than that 
thro* Aquarius or Sagittarius, is from that thro? the 
firſt of Capricorn; whence *ris there is not much 
more of the Parallel thro* the firſt of Aquarius a. 
bove the Horizon, than of that thro* the firſt of 
Capricorn; but much more of the Parallel, thro? the 
firſt of Aries, or of the Equator, is above the 
Horizon, than of the Parallel thro* the firſt of 
Piſces, Whence we underſtand that the Length 
of that Day is owing to the Declination of the 
Sun, or of the Points of the Ecliptic. Under the 
Equator the Days are ſtill equal, tho* the Sun 
ſeems at the Solſtice to ſtand or change but a little 
the meridian Altitude; and it will appear that the 
inequality of the Days is the more ſenſible, the 
further the Place is from the Equator; if you ele- 
vate the Globe for thoſe Places, you will ſee a 
greater Difference in the Arches of the Parallels 
above the Horizon. c 


PROPOSITION XXV. 


In Places at the E quator the Sun goes faſter from the 
Zenith than in Places near the Tropics, and within 
the Torrid Zone. | 


MARK on the braſs Meridian, ſuppoſe the 
fifth Degree of Latitude, and another in eighteen 
Degrees brought to, and marked on, the Meri- 
dian ; and count five Degrees from it towards the 
Tropics on the braſs Meridian, and ſer a mark there 
alſo; it may be ſhown that the Sun will ſooner in- 
creaſe in the five Degrees of Declination near the 
Equator, than in thoſe from it : for Ag 4 

ES | lobe 


} 
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Globe *till a Point in the Ecliptic comes under 


_ eighteen Degrees, and 'till again it comes under 


thirteen, which is five leſs, it will cut off a greater 
Part of the Ecliptic than is between the two Points 


that come under the fifth Degree, and the begin- 


ning of the firſt ; and therefore the Sun goes ſooner 
from the Zenith, in the ſecond Place than from 


the Zenith of the Place in the Equator, 
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BOOK III. 
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Of the Properties arif 8 * comparing 


one Place with another. 
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c H A P. XXI. 
Of the LONGITUDE. 
Ms 


HE Circle of Longitude of any 
Place is the Circle that paſſes thro? 
the Place, and both the Poles. *Tis 

Dy alſo called a Meridian Circle, which 
are one and the ſame Thing; tho! 
different in ſome Reſpects: for the 
Meridian hath reſpect to the Motion of the Stars, 
and the Circle of Longitude to the Earth's Exten- 
lion, without regard to the celeſtial Motions, But 


the 
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the Meridian is the more common Name, which we 
ſhall therefore uſe here. They are plainly ſeen on 
the Globes, and in the Maps, paſſing thro' every 
ten Degrees of the Equator. 
2. THE Longitude of a Place is the Diſtance 
of it's Meridian, from a certain Meridian (meaſu- 
red on the Equator) which is called the firſt ; and 
the Longitude of the Earth itſelf is it's Extenſion 
from Weſt to Eaſt, conceived on the Equator. 
The firſt Meridian is made conſpicuous on the 
Globe and in Maps. 1 

3. THE Diſtance of one Place from another 
is the ſhorteſt Line between them, on the Earth's 
Superficies. „ 
4. ANY Point on the Globe, or Map, is ſaid 
truly to repreſent ſome Place on the Earth, if it 
hath the ſame Siruation and Diſtance to the other 
Points on the Maps, that the Place hath ta the o- 
ther Places repreſented by them. 


PROPOSITION 1. 


There is no Meridian determinated in Nature to be © 
the firſt, and therefore any one may be taken for tho 


TO underſtand this aright we muſt go a little 
back; for ſome conceive a Myſtery here, where 
there is none. All Superficies both plain and curve 
are meaſured by two Dimenſions (as a Line by 
one, and a Body by three) as is known from Geo- 
metry, and the common Buſineſs of Life ; of which 
two, one is Length, and the other Breadth; and 
the one is conceived perpendicular to the other, 
and theſe two are not in themſelves different ; for 
that we call Length may be called Breadth, tho? 
the longeſt is uſually called Length, 
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I'N regular Figures, as equilateral Triangles, 
Squares, c. theſe two Dimenſions are the ſame, but 
the Earth's Superficies is ſpherical, and the Length 
not really different from the Breadth, except in our 
Conception, for the more diſtinct underſianding of 
the Thing. And theſe two Extenſions may be con- 
ceived on the Earth thus; if we take the Periphery of 
a Semi- Circle from one Point to it's oppoſite Point, 
it will be one Dimenſion ; and if that again be cut 
in the middle at right. Angles by a Circle (as the 
Length and Breadth is taken in all Superficies) 
that ſhall go round, and be the other Dimen- 
ſion for meaſuring the Earth's Superficies, as if it 
were extended into a Plane. The firſt of theſe 
being only a Semicircle may be called the Lati- 
tude of the Globe; the other being a whole Circle 
the Longitude of it. Some ſay they are called 
Latitude and Longitude becauſe a leſs Part of the 
Earth was known to the Antients towards the 
Poles than eaſtward or weſtward, 

MOREOVER, on the Globe any Semicircles 
between the Poles may be taken for the Latitude, 
and a Circle perpendicular to it, for the Longi- 
tude, and fo on the Earth; but for the memory 
ſake, *tis beſt to take ſuch Lines as have ſomething 
peculiar and remarkable, as the Line from Pole to 
Pole, and the Circle that paſſes in the middle be- 
tween them, as the Equator doth. 

THUS it appears plain, why the Latitude 


is meaſured on the Meridian, and the Longitude 


on the Equator. 
THIS Latitude and Longitude of the Earth 


is not to be taken for thoſe of a particular Place: 


for they are only expreſſed ſo becauſe they are mea- 
ſured on thoſe of the Earth, and are a Part of them. 

AND, properly ſpeaking, a Place or Point, hath 
neither Latitude nor Longitude : and theſe two 


different Senſes of the Words ought to be well re- 


membred ; 
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membred ; for the Words frequently occur among 
Geographical Writers; as when we ſpeak of the 
Latitude and Longitude of Spain, the Words are 
taken properly for Length and Breadth; but 
when we ſpeak of the Latitude and Longitude of 
a Place, taken as a Point we mean it's Diſtance 
from the Equator, and from the firſt Meridian; 
and in my Judgment it were better not to uſe the 
Words Latitude and Longitude, but only Diſtance 
from the Equator, and from the firſt Meridian; 
but being ſo long uſed they cannot be now abo- 
liſhed; and we ſhall uſe them hereafter in this 
Senſe. | | 

MOREOVER, the Latitude of a Place hath, 
like the Latitude of the whole Earth, remarkable 
Places for the beginning of the reckoning ; as the 
Poles and the Equator; but the Longitude going 
round the Earth, hath no certain Place, for a be- 
ginning: and therefore we may begin at any Point 
in the Equator, and count the Meridian that paſſes 
thro* it the firſt Meridian, from which the reſt 
are reckoned. | 

WE {ſhall ſhow why theſe two Diftances from 
the Equator, and the firſt Meridian are enquired 

after, as in Prop. 3. 


PROPOSITION I. 


To determine the firſt Meridian on the Globe of the 
Earth, from which we are to begin 10 reckon the 
Longitude, 


WE faid before that we may begin at any Point 
on the Equator to reckon the Longitude, but tis 
better to fix upon one Place, thro' which a Meridian 
being drawn, may be counted the firſt. Geogra- 
phers have not all agreed on this Place. Ptolemy 
choſe to make that the firſt Meridian which paſſes 
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near the Fortunate, which arelſlands about one Degree 


from it; and reckons from thence to the Eaſt thro? 


Africa and Aſia; chuſing to begin at a Place inha- 
bited, and which was then the Bounds and Limits 
of the known Part of the Earth to the Weſt, and 
to end at the eaſtern Shore of Siam in Aſia; but 


America being known not many Ages ago, and 
long after Ptolemy's Time, the firſt Meridian was 


removed more to the Weſt. Some made that the 
firſt which paſſes thro' the Iſle of $7 Nicolas; which 
is one of thoſe near Cape Yerd; and Hondius choſe 


the Iſle of 8, James to be the firſt Meridian in 


his Maps. x © 
' OTHERS choſe that which paſſes thro* the 


Ifle del Corvo one of the Azores, becauſe the Needle 


was found not to decline from the North there, 


and in the adjacent Seas, but to lie in the meridian 


Line ; and this beginning Mercator chooſes. 


BUT ſeeing there are other Places where the 


Needle points to the North, and it doth not ſo in 
every Part of that Meridian; Geographers thought 
this not a ſufficient Reaſon ; ſome fixing it at the 
Shore of Braſil, that runs out into the Sea. 
LATER Geographers, eſpecially the Dutch, 
chooſe to begin at the Mountain Tereriff, in the For- 
tunate, or Canary, Iſles, which is counted the high- 


eſt on Earth, and is called the Pike of Teneriff; 


and the rather becauſe they thought ſome remark- 
able Place ſhould be choſen that might be moſt 
known to future Ages; and ſo Piolemy's firſt Me- 
ridian, tho? long obſerved, was not laid aſide with- 
out good Reaſons. The French ſince the Year 1634 
have taken that which goes thro? the Weſt Part of 
the Iſle of Ferro, one of the Canaries, which the 


French King, Lewis the thirteenth, commanded his 


Sailors and Geographers to obſerve, 
ASTRONOMERS allo have taken diverſe 


Places for the firſt Meridian ; the followers of 
_ _ Tycho 
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Tycho fix it at Uranoburg, an Iſland in the Daniſh 
Streights, and calculate the celeſtial Motions to 
that Place, and from thence accommodate them to 
the reſt, Others chuſe other Places according to 
the Authors of the Ephemeris they uſe, who cal- 
culate the Ephemeris, and the Planets Places for 
the Meridian of their own Place, As Origanus for 
Frankfort, Maginus for Venice; Eickſtadius for 
Stetin ; Lanſberg in his Tables takes G in Zee- 
land, and Keinboldus the Royal Mountain of 
Pruſſia. | 1 | 
BUT to fay the Truth, all this Difference 
hath ariſen without any Foundation; ſo that they 
are to be blamed who firſt changed Ptolemy's 
Meridian: for 'tis no matter where they begin, 
whether at a Place remarkable, or moſt to the 
Weſt or Eaſt, provided we may know the Situa- 
tion and Diſtance of other Places from it accu- 
rately; and that variety of firſt Meridians hath 
burthened the reading of geographical Writers 
with Confuſion and Difficulty. Yet' becauſe the 
Knowledge of the Variation of the Needle from 
the Meridian is of great Advantage, and that Va- 
riation encreaſes to a certain Meridian, and then 
decreaſeth; it will be uſeful for finding that 
Variation, and comparing the Increaſe and De- 
creaſe of it, to chuſe that for the firſt Mert- 
dian, in which or in moſt Places of it, the Needle 
hath little or no Variation ; if any ſuch is to be 
found. | 1 

AND ſeeing the Dutch now uſe that which 
goes over Teneriſt, and they fail to all Parts of 
the Earth; it will be convenient to uſe that with 
them, for the better underſtanding the Diaries they 
publiſh. ; 

AND Students ſhould know in reading of Au— 
. thors, that where mention is made of the Long.- 
tude 
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tude of a Place, or of a certain Meridian, where 
the Author begins his firſt Meridian. 


PROPOSITION II. 


Having the Latitude and Longitude of a Place, to find 
it on the Globe or Map; and ſo it's Situation and 
Diſtance from other Places. 


THE Problem for which a Method is ſought 
yu ſo much Care and Induſtry, is, to find the 
ongitude of the Place in which we are; and be- 
fore I come to it, I thought fit to premiſe the Pro- 
blem for which the Longitude is wanted; leſt 
the Reader ſhould be diſguſted for want of know- 
ing the uſe whereto it is ſubſervient. 
FOR Seamen (as to thoſe that travel by Land 
they have not much need of it) having gone far 
from Land, and not being ſure of the Way they 
went, becauſe of feveral Difficulties, they cannot 
trace it out certainly in the Maps, and ſo cannot 
determine the Ship's Place, or the Courſe they 
muſt ſteer to their deſired Port; which they could 
do if they had both their Latitude and: Longitude, 
Mathematicians have taught them to find the La- 
titude at Night by the Stars, and in the Day by the 
Sun; as we have ſhewn before: they that pretend 
to do it by the magnetic Needle, ſhow their want 
of Skill. And if they had the Longitude, then 
where the Meridian they are in cuts the Parallel 
of their Latitude is the Place they are in, on the 
Globe or Map. And this Method of the Section 
of two Lines is uſed frequently to find a Point's 
r 1 172 5 
FOR the Solution of the third Problem, count 
the Degrees of Latitude from the Equator on the 
braſs Meridian, and, having chalked it, draw the 
Parallel; then bring the known Meridian the Place 
1 
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is in (which is diſtant from the firſt by the De- 


grees of Longitude) under the braſs Meridian, 


and where it cuts the Parallel of Latitude is the 4 


Place ſought: if any Meridian be drawn thro? the 


Place, the Work is eaſier. 
IN ſtrait lined Mapps (ſuch as the Seamen's 


are) find the Latitude on the Margins on both 


Sides, and draw a Line thro' them which repre- 
ſents an Arc of the Parallels; then at the Head 
and Top find the Longitude, and draw a Meridian 
thro* the Degree of Longitude, the Point of In- 


terſection is the Place. Or ſhorter thus; Lay a 


Ruler on the Degrees of Longitude, at the Head 
and Bottom, and ſet the Degree of Latitude 
taken from the Map with a Pair of Compaſſes 
along the Side of the Ruler, and you have the 


Point. And the ſame Way in curve lined Maps; 


only we muſt draw circular Parallels. 

THIS is the firſt remarkable Uſe of the Lon- 
gitude in failing. LEY 
THE ſecond uſe is more neceſſary 5 viz. the 
Conſtruction of Globes and Maps thereby; for 
the Places are by the Latitude and Longitude fer 
down on Globes and Maps: and hence it is they 


are often made ſo as not to repreſent the Situa- 


tion of the Place truly, for want of the true Lon- 


gitude. 
THE third uſe is alſo famous; viz. the know- 


ing the Hour in other Places when any celeſtial 
Appearance happens; of which in the following 


Propoſition. | 
THE fourth uſe is to find the Diſtance of two 


Places; having their Latitude and Longitude 


given. 
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PROPOSITION . 


The Sun, Stars, and every Point of the Equator 07 


Parallel removes from the Meridian tis in, fifteen 
Degrees in an Hour, or in a Minute of Time, 
fifteen Minutes of @ Degree ; and in four Minutes 
one Degree. | 


FOR an Hour is but the twenty fourth Part 
of time in which they revolve from any Meridian 
till they return to it; and three hundred and ſix. 
ty Degrees in the Circle divided by twenty four 
gives fifteen in the Quotient. 7 

THE ſame will appear on the Globe: bring 
a Point on the Equator to the Meridian, and 
the Index to 12, turn the Globe 'till the Index 
Point to 1 or 2, and you will ſee fifteen Degrees 
have paſſed thro' by the Meridian, | 


COROLLARY. 


IF a Place be fifteen Degrees more eaſterly 
than another, it will be eight or nine o' Clock 
with them by an Hour ſooner than in the other 
Place; if thirty Degrees, two'Hours ſooner ; and 
ſo they will have the heavenly Appearances ſo 
much ſooner than the other: but if more weſterly 
than the other, they will be ſo long behind the 
other in their reckoning :- or, which is the ſame 
thing, if one hath an Appearance in the Heavens, 
as an Eclipſe, an Hour ſooner than the other, 
they will be fifteen Degrees more eaſterly, 

Note. When we add the Sun and Planets with the 


fixed Stars; as in ſaying they move fifteen Degrees 


weſterly each Hour; we do not underſtand it to 
be exactly ſo; for tho* *tis true of the Stars, 
yet becauſe the Sun and Planets in the mean time 

| | revolve. 


revolve to the Eaſt, they come later to the Meridian, 
and by degrees they remove from the fixed Stars; 
but *ris ſo little in a Day, (being in the Sun but 
ten Seconds, and in the ſuperior Planets leſs), that 
they are accounted to move fifteen Degrees in an 
Hour, as the fixed Stars do. „ 


PROPOSITION v. 


Having the Time of an Appearance in the Heavens 


with us, and with others, to find the Difference of 
their Longitude from ours. 


THIS is eaſy from what hath been aid, You 


are only to turn the Difference of Time into De- 
grees; counting fifteen Degrees for an Hour: and 
if their Hour be leſs than ours, then they are to 
the Weſt of us, but if more, to the Eaſt. 


PROPOSITION VI. 


| Having again the two Times in which there is any re- 


markable Appearance in the Heavens; to find the 


Difference of Longitude by the Globe or Map.. 


TURN the Difference of Time into Degrees, 
as before; and bring the one Place to the. braſs 
Meridian ; and conſider whether the other lies to 
the Eaſt or Weſt of you, by their Hours being 
more or fewer, as before; if to the Eaſt, count 
ſo many Degrees on the Equator eaſterly, and 


turn the Globe ſo many to the Weſt, and the Me- 
ridian under the braſs Meridian ſhows the Longi- 


tude of the other Place. This may be done better 
by the Index of the Hour Circle, as before. And 
on the Map, apply a Ruler to the Longitude 
of the one, and count ſo many Degrees on the 
Map to the other. 

) Eb bh 0 PR O- 
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PROPOSITION VI. 


To find the Longitude of the Place we are in, or our 
Diſtance from any known Meridian that is, or may 
be, drawn on the Globe. | | 


THIS is the Problem whoſe Solution Sailors 
have ſo long wiſhed for, from Mathematicians; 
and would render Navigation almoſt perfect, and 
liable to very few Errors. This for theſe two laſt 
Ages (in which the Europeans have failed with 

reat Labour and Succeſs thro? all Parts of the 
vaſt Ocean) hath exerciſed and diſtracted the 
Wits of many; and for the Solution of which 
the Engliſh, Dutch, and French have promiſed 
each of them fifty thouſand Gilders as a Reward. 
But none have gained it, tho* many have pro- 

ſed and tried ſeveral Methods ; and ſome have 
een ſo fond of their own Inventions as to require 
the Reward ; but their Method being examined, 
hath been found very deficient, as we ſhall ſee 
hereafter. The Dutch and Germans expreſs the 
Problem as we have done; tho' many of them 
uſe another Phraſe ; viz. finding the Eaſt and 
Weſt, which is quite another Thing; ſo great 
Liberty do the Vulgar take to expreſs Things 
their own way, tho' ever ſo improperly. Thus 
they ſhow us by the Phraſe, that they know not 
what Seamen mean when they ſpeak of finding the 
Eaſt and Weſt, which is a thing far from the preſent 
Purpoſe, and which Seamen know well, whatever 
Part of the Sea they are in, by the help of their 
Needle, which Points North and South ; and with- 
out that they may by knowing the North and South, 
know alſo the Eaſt and Weſt; which are on their right 
and left Hand as they look to the North. But the 
Matter is to know how far the Meridian they are 
T | - 
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in is removed from the firſt Meridian on the Equa- 
tor. Why then, may ſome ſay, have Seamen ex- 
preſſed themſelves thus? The Reaſon is, that the 
Vulgar conceiving things ſlightly, give the fame 
Names to things that are only like to one another ; 
thus they call America the Weſt Indies, becauſe it was 
found out a little after India; ſo here, becauſe the 
North and South is known by the Needle, and 
they deſire as eaſy a Way to find the Longitude 
which 18 reckoned from Eaſt to Weſt; they take it 
to be finding the Eaſt and Weſt Points. I.” 
WE come now to the Solution of the Problem; 
for which ſeveral Methods have been thought on. 
All agree in this, that it cannot be done without 
ſome celeſtial Appearance of the Stars or Planets; 
which the Latitude itſelf requires (for as to the 
Dipping-Needle, that is too doubtful,” and ſubject 
to Errors). Yet it might be done without the 
Appearance of the Planets, if we could make a 
Clock to go true at Sea. e 
WE have ſhown in the preceding Propoſiti- 
on, that if we have two Times of a celeſtial 
Appearance in two. Places, their Difference 
turned to Degrees and Minutes gives the Diffe- 
rence of Longitude. And ſeeing in an Ephemeris 
we have the Time of the Conjunction of the Pla- 
hets, and of Eclipſes, their beginning, middle, and 
end, determined for a Place whoſe Longitude is 
known ; if then we could find the Hour in a Place 
at Sea when theſe celeſtial Appearances happen, we 
ſhould have the Difference of that Meridian, from 
the Meridian for which the Planets Place, or their 
Conjunction with the fixed Stars, or Eclipſes, were 
calculated. Nor would it be hard to find the Hout 
of the Place at Sea, for that is determined from the 
Altitude of the Stars or the Point they ate in: but 
there is no celeſtial Appearance which can be 
bbſetrved ſo accurately as to be uſeful this way. 
> WE. BUT 
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BUT there are other Ways by which the Lon- 
gitude is ſought after, without the knowledge of 
the Hour and regarding the Planets Motions. Yet 
they require the knowledge of Things which are 
as much wanted, and ſo have no Place here, tho? 
we ſhall explain theſe ways hereafter. Now the 
knowledge of the Time cannot be'had from ce- 
Jeſtial Appearances. For Example, Salurn moves 
in the Ecliptic ſcarce five Seconds in an Hour ; 
and tho' they may calculate his Place to an Hour 
and Minute; yet becauſe he moves ſo ſlowly he 
will appear as in the ſame Place for ſome Hours; 
and therefore we cannot compare the Hours in the 
two Places together, if there be only an Hour, 
or fifteen Degrees difference in the two Meridians: 
for in that ſhorr time he ſcarcely alters his Place. 
AND fo the Sun moves each Hour in the E- 
cliptic about two Minutes and a half; which is too 
Now for an Obſervation, tho! very accurate; and 
an Error of an Hour is eaſily committed; whereas 
the Sun muſt appear in different Places every Mi- 
nute or two: for if it appear in the ſame Place for 
two Minutes, we cannot know exactly the Hour; 
and an Error of two Minutes will be an Error of 
half a Degree on the Map, which is ſeven German 
Miles and a half. The beſt Appearances (to come 
within a Minute or two) are; 1. An Eclipſe of 
the Moon, 2. The Moon's Place in the Zodiac, 
3. It's Diſtance from, or Appulſe to the fixed Stars, 
4. The Moon's entring into the Ecliptic, and cut- 
ting it. 5. The Conjunction, Diſtances, and E- 
clipſes of the Satellites of Jupiter, which have been 
wonderfully diſcovered in this Age, by the help of 
Teleſcopes; and greatly confirm the Copernicau 
Hypotheſis, i. 
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The 2 Method of finding the Longitude; by the 
_----  Echpſe of the Moon. 


T HIS is an excellent Method, and accurate 
enough if there were Eclipſes every Night: thus 
as ſoon. as you perceive, by means of the Teleſcope, 
the beginning or end of an Eclipſe of the Moon, 
obſerve the Altitude of a Star, or Point in which 
it is; which with the Altitude before given, or 
then found, will give the Hour of the Night. And 
if the Star be i in the Meridian, the Work will be 
the ſhorter, And this Hour and Minute compared 
with that Hour and Minute in which the Appear- 
ance 15 to be, by Calculation, gives the Difference 
of Time, and ſo of the Meridians, for which the 
Calculation was made, and where the Eclipſe was 
ſeen: or, the Meridian of the Ephemeris being 
found in the Map, you may find the Meridian 
ou are in, which is either to the Eaſt, if the 

ours are more, or to the Welt if leſs than thoſe 
in the Ephemeris. 


The ſecond Method of finding the Ear 3 by the 
Moon's Place in the Zodiac. 


THO! that Method by the Eclipſe of the Moon 
is very accurate; yet becauſe thoſe Eclipſes are 
but ſeldom, nor all ſeen in all Places, the Pro- 
blem is not ſufficiently ſolved; and the Seamen 
will not be much the better for it; yet it is a very 
uſeful way at Land, where Mathematicians live, 
and can obſerve them truly: for thereby the Lon- 
gitudes of moſt Places are ſet down in the Maps. 
But this ſecond Method, by the Moon's Place in the 
Zodiac, may be tried frequently, tho* the Obſerva- 

tions and Calculation are very troubleſome and per- 
plex'd, becauſe of the double Parallaxes ; and an Er- 
ror of an Hour itſelf may creepinto the Work, which 

will cauſe a Miſtake of about an hundred Miles, 
3 I. 3 Tho? 
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Tho? the Error will be leſs if you take the Minute 
when the Moon is in the E ionic. and find the 
Hour of the Night, by the Altitude of ſome re- 
markable Star, or by the Time it comes to the 
Meridian, which is better. Then from that Hour 
find what Point of the Zodiac or Ecliptic is in 
the Mid- heaven, as Aſtronomers ſpeak, or in 
the Meridian, as we ſhall ſhow, which compare 
with the Time when the Moon comes to the Meri- 
dian, by the Ephemeris; and thus we ſhall have 
the Hours in two Places as before, from which 
che Difference of the Meridians is found. 


The third Method; by the Diftance of the Moon from 
ſome fixed Star. 


' BECAUSE we cannot obſerve the Moon i in 
che Meridian for ſome Nights before and after 
New Moon, it being near the Sun; and ſo the 
uſe of it is not ſo frequent as Seamen deſire; there- 
fore another Method, which may be more frequently 
uſed, is propoſed by the appearing=erremoving of 
the Moon to or from the fixed Dope but the Calcu- 
1 lation is ſo troubleſome by the Parallaxes, and the 
0 | Solution of oblique ſpherical Triangles, that Sea- 
[ 


men cannot uſe it: nor will I trouble young Stu- 
ot dents with the multitude of Precepts thereto be- 
118 longing it requiring Men well verſed in Calcu- 
1 lations to go thro' it. There is a Monk in France 
called Duillerius, who thinks the Difficulties here 
may be avoided, or eaſily overcome, by a peculiar 
Method of his own ; having lately publiſhed a little 
Book, in which he profeſſes to give an uſeful Mea- 
thod to Seamen for diſcovering the Longitude; ad- 
I ding ſeveral other things, and dedicating the fame 
. to the French King; and afterwards (becauſe per- 
haps he got nothing for it) to the Confederate 
States of Holland; and at this Time that I am 
| writing 
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writing he demands the Reward. In the Book he 
gives two Rules, tho? they are almoſt the ſame; only 


che firſt is propoſed more obſcurely, and is of no ſer- _ 


vice to Seamen. But he contradicts Encitd*s Ele- 
ments, yet pretends, that the Error will cauſe no 
Error in Practice; and therefore in the end of the 


Book he adds an eaſier Method, by which there 


muſt be a celeſtial Globe exactly made, in 
which the Ecliptic and it's Poles are accurately 
placed. 2. There muſt be an Ephemeris for the 
Sun and Moon, perfectly true, at hand. The 
Author ſays he uſed the Rudolpbin Tables, and 
found them to agree with the Heavens. 3. From 
theſe Tables muſt be taken the Latitude and Lon- 
gitude of the Moon, for that Day in which the 
Obſervation is to be made; then applying the 
braſs Quadrant, one end to the Pole of the Eclip- 
tic, the other to the Moon's Place in the Ecliptic, 


obſerve the Latitude of the Moon upon it, and 


mark it; that Mark ſhows the Moon's Place on 
the Globe, and it's Situation for that Day : and 
ſo from the Tables find the Moon's Place for 
the next Day, and mark it; then take a narrow 
Piece of Paper, of a ſmall Length, and apply it to 
the Globe above thoſe two Marks (for in this the 
whole Art' conſiſts, as he confeſſes) and marking 
the two Points on the Paper, and, applying a 
Ruler, draw a Line from the one to the other; 
and that Line will ſnow the Moon's way in a Day. 
Then obſerve the Moon's Diſtance from a known 
Star at that Time, and taking it in Degrees and 
Minutes from the Equator or Ecliptic on the 
Globe, fix one Point of the Compaſs on the Star, 
and with the other deſcribe an Arch on the Moon's 
Path, and mark where it cuts it, and bring the Qua- 
drant to it, and you have the Moon's Place in the 
Ecliptic at the Time of Obſervation. TI. find by 
the Ephemeris when the Moon will com. to that 
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Point; which being compared with the Time of 
Obſervation, gives the Difference of Time, and ſo 
of the Longitude. I omit here ſome Precepts for 
the Equation of the Time, Sc. Thus the Author 
thinks to be free of the Parallaxes and Difficulties 
of the Refraction. There ſeems to me to be ſeveral 
Faults in this Method; but my Book going to the 
Preſs, I had not Time to examine all his Rules. 


The fourth Method; by the Moon's 
i Rare Ts Eclipiic. 5 
THE Moon's Path cuts the Ecliptic in two 

Points, into which when it comes, *tis ſaid to be in 
the Ecliptic, and from which it goes five Degrees. 
There muſt therefore be obſerved at Sea, the Time 


entring the 


when the Moon comes into the Ecliptic ; the Time 


may be alſo had when it comes to it by the Ephe- 
meris; and the Difference of the two Times gives 
the Longitude: but this Method is not eaſily fol- 
lowed, and the Calculation is very intricate, and 
ſubject to Errors; and ſo can be of little uſe in the 
Matter. J7CCCG0B— WER 


De fifth Method; by the Satellites of Jupiter. 


MOST Aſtronomers think this Method preferable 
to that by the Moon, as not being ſubject to the Dif- 
ficulties of the Parallax ; and when Jupiter is above 
the Horizon it may ſtill be uſed. There are four 


Satellites which move about Jupiter as their Centre, 


which may be ſeen by a Teleſcope: this was the 
great Diſcovery of Galileo. Their proper Motion 
about Jupiter is ſwift; for they have a Motion in 


common with Jupiter about the Sun, and with the 


other Stars round the Earth; that next Jupiter goes 
round in one Day eighteen Hours and an half; the 
ſecond in three Days thirteen Hours and an half; 


the third in ſeven Days two Hours; the fourth in 


ſixteen 
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fixteen Days eighteen Hours. Their Motion is to 


be calculated for every Hour; and their Motions 


may be found in ſome Books, tho* not common ; 
and the Time of their Conjunctions with. Jupiter 
(or of their immerſion or emerſion from his Sha- 
dow) being obſerved with a good Teleſcope, and 
the Time of Night when it happens; and conſul- 
ting the Tables, you will find when that immer- 
ſion or emerſion is to be; and the Difference of the 
Time, gives the Difference of the Longitude. 


The fixth Method; by Clock-work. 


' BECAUSE all the former Methods have this 
Diſadvantage, that they cannot be obſerved every 


Night (as is known of the Moon, and ſo of Jupiter 


when near the Sun); nor is it eaſy to make Obſer- 
vations of them at Sea, becauſe of the Ship's Mo- 
tion; therefore ſome have quitted theſe, and are 


now wholly bent upon making a Piece of Clock- 
work that ſhall go true with the Sun; and divide 


the Day exactly into twenty four Parts. 

IF ſuch a Thing could be made, it would 
render the Buſineſs eaſy for Seamen; who then 
need only to obſerve truly the Hour of the Place 
when they left it, and ſet their Clock to that 
Hour, which would ſtill ſnow the Hour of that 
Place whereſoever they went, and finding of the 


Hour of the Place they are in, as ſhall be ſhown; 


they have, as before, the two Times, which will 
give the Longitude of the Place they are in. 


BUT tho' Artificers have been at great Pains to 


make ſuch a Piece of Clock-work, yet none have 
had the good Luck to accompliſh it ; for both the 
Matter out of which *tis made, and the Air at Sea 
hinders the equality of their Motions; it moving 
faſter in hot than in a cold Air. So that the Clock 
which the Dutch, wintering in Nova Zembla, had 

| placed 
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Placed in the Houſes, ceaſed to move; tho” they 
added a greater Weight, To ſupply this De- 
fect ſome adviſe to bring the Clock every Day to 


the Hour of the Place they come at, which may 


be obſerved from the Heavens: yet a great Error 
will thus creep into the Work; for on the ſecond Day 
the Longitude of the Places comes to be found this 
way, there will be ſome ſmall Error, and the third 
Day another, and the fourth another; all which 
added will make the Error conſiderable. For Ex- 
ample, if in one Day there be an Error only of 
four Minutes, which will be in the beſt Clock they 
have yet made, the Error in the Longitude will 
be. one Degree; and the next Day another, c. 
Therefore this Method is juſtly neglected by Sea- 
men; and at the Time I am writing, there are 


ſome at the Hague who promiſe to the States 


a true Piece of Clock-work ; but it being examined 
by Men ſkilled in theſe Things, it is found in- 


LEMMA 


— 


) There is another great | and Couplet t, than at Paris, 
r in the uſe of Clocks | And hence proceeds that Retar- 
for diſcoyering the Longitude: | dation of the Motion of the Pen- 
becauſe how perfect ſoever they | dulum of the Clock, towards the 
may be made, yet they will | Equator, as mentioned Chap. 3. 
thew the Hours in Places of | And Mathematicians by reaſon- 
different Latitudes, different |} ing according to the Principles 


from thoſe of the Place they 
were made for. Thus for Ex- 
ample, if a Clock fitted for 
Paris were to approach the 
Equator, it would there ſhew 
the Hour flower by one twen- 
tieth Part, according to the 
Obſervations of M. Richer *, or 
more than three or four Mi- 


nutes according to M. Hayes! 


| 
* See Hift. Acad. Reg. by 


au Hamel, p. 110. 


there laid down, ſhew how 
much the Motion of a Clock 
may be retarded according to 
the Diminution of the Latitude 
of the Place. But as in this 
Matter they are obliged to 
uſe an Hypotheſis, which 
themſelves do not allow 
certain; the Proportion they 
aſſign cannot be relied on for 


1 Eis. de Þ Acad. Roy. 
1700, 1701. Ce 
diſcovering 
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BECAUSE 1 in each of the foregoing Methods 
the Hour is to be found at the Place where the 
Obſervations are made, we ſhall ſhow, from A- 
ſtronomy, how that may be done; the Elevation 
of the Pole being given, the Sun is to be uſed 
by Day, and the Stars by Night, and in both 
Times tis beſt to obſerve when they come to the 
Meridian, and uſe a good Clock for the interme- 
diate Time: for in half a Day there will be but a 
ſmall Error, if Care be taken: and ſo we have no 
need of the Latitude, tho* *tis wanted after- 
wards to find the Parallel of the Place. 

BY Day we know *tis twelve when the Sun 


comes to the Meridian, and then the Clock is to 


brought to twelve; but if the Hour be taken be- 
fore twelve, bring the Clock to it; and obſerve 
when the Sun comes to the South, and the Clock 
will ſhow the Hours ſince the Obſervation, and 
ſo the Hour that was then. 

BUT if you obſerve the Sun out of the Me- 
 ridian, and take it's Altitude, you will have a 
ipherical Triangle, in which is known the Com- 
plement of the Latitude, the Complement of the 
Declination, and the Complement of the Alti- 
tude; whence you may find the Angle between the 
two firſt by ſpherical Triginometry. We ſhow- 
ed, Prop. 23. Chap. 29. how to do it by the 
Globe, which may be ſufficient for a Geogra- 
pher; but Seamen muſt find i it by Calculation: tho? 


diſcovering the Longitude of | cording to the different Lati- 
Places with any exactneſs. It | tudes; that the Hour ſhewn 
remains therefore to be diſco- | may be reduced to the true 
vered, by accurate Obſervations | Hour of the Place departed 
made in all Parts, in what Pro- from. 

portion Clocks are retarded ac- 


ſome 
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ſome find it by an Univerſal Planiſphere; but I 
fear there will be an Error of ſome Minutes. By 
Night the Stars are to be uſed ;' and ſome one or 
other may be found then in the South, or we may 
wait *till one comes to it; then take the right Af. 
cenſion of the Sun and Star, ſubſtract the former 
from the latter; but if greater, add it's Comple- 
ment to three hundred and ſixty to the Star's Af. 
cenſion; and turn the Degrees to Hours and Mi- 
nutes. | K ä | | 


PROPOSITION VI. 


To explain other Methods of finding the Longitude, 
which properly give us not the Longitude itſelf, but 
the Point we are in, whoſe Longitude is wanted, 

_ which is of uſe to determine the Longitude, 


The fir Method. 


Having the Diſtance of two Places, and the Latitude 
of both Places, to find the Difference of their Lon- 

gitude; or the Point of the one being given in the 
Map or Globe, to find the other. 


IF we uſe trigonometrical Calculation, we muſt 
find the Angle in the ſpherical Triangle, which 
hath three Sides known, 2. e. the Angle between 
the Complements of the two Latitudes, or oppo- 
ſite to the Diftance turned to Degrees. | 
BUT by the Globe and Map thus. Take the 
Diſtance, turned to Degrees, with the Compaſſes 
on the Globe, and fixing one Leg at the Place 
given, cut the Parallel of the other in a Point thro? 
which a Meridian being drawn, will be the Me- 
ridian of the other. But Maps, even Sea-Charts, 
are not ſo proper or ready for this Method, as not 
giving the Diſtance accurately, _ Th 
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The ſecond Method. 


Having the Point given, that one Place lies in from 
another, and the Latitude of both Places, to find the 
Longitude of the other, and it's Place on the Globe 
and Map. TT | 1 
BY the Point *tis in we underſtand the Angle 
between the Meridian of the one, and a Line from 
the one Place to the other. By Trigonometry, find 
the Angle between the two Complements of the 
two Latitudes, and you have the Difference of 
Longitude. | 

ON the Globe thus: bring the known Place to 
the Zenith, and there apply the Quadrant of Al- 
titude; and having drawn the Parallel of the other 
Place, bring the Quadrant to the Point; and where 
it cuts the Parallel is the other Place. | 
THE ſame way on the Map: draw the Paral- 
lel of the unknown Place, then draw a Line from 
the given Place to the Point in which the other is; 
and where that Line cuts the Parallel is the Place. 
If the Point a Ship ſails on be enquired we mult 
proceed otherwiſe, as in Chap. 29. 


The third Method. 


Having the Point a Place lies in from another whoſe 
Latitude is known, with their Diſtance, to find the 
Longitu lde of that Place, and it's Situation. on the 
Globe and Map. | 


BY Trigonometry ; having the Complement of. 
the Latitude, and the Diſtance in Degrees, and the 
Angle included between them, by having the Point 
given; find the Angle oppoſite to the Diſtance, 
which will be the Ditference of Longitude. 50 
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ON the Globe and Sea- Charts thus: bring the | 
Place to the Zenith, and apply the Quadrant there, 


and bring it to the Point on the Horizon ; then 
count the Diſtance on the . from the Ze- 


nith; and a Meridian from the Pole thro' the Ex- 
tremity of the Arch of Diſtance, is the Meridian 
the other Place is in. We ſhall ſhow how this may 
be done by the Planiſphere in Chap. 33. for the 
Globe is not ſo uſeful at Sea. - 

THE ſame way may be uſed to find the Place 
on the Sea-Charts; but *tis not ſo accurate, as we 
ſhall ſee in the following Chapter. 


The fourth Method. 


Having the Diſtance of an unknown Place from two 
other Places whoſe Diſtance from them is known. 


ON the Globe: take one Diſtance turned to 
Degrees from the Equator, and one Foot being in 
that one Place, deſcribe an Arch, and with the 
Diſtance of the other, and one Foot in the other 
Place, cut that Arch; and the Point of Interſection 
is the other Place. 

AND the ſame way on the Map; only the Di- 
ſtance is not to be turned to Degrees, but taken 
from the Scale of Miles; but if the Place be ve- 
ry remote there will be a conſiderable Error: for 
the Maps do not perform this accurately. 

TO work by Calculation is difficult, and re- 
quires a Figure; and is better learned from a 
Maſter chan v7 reading. 


The fifth Method. 


Having two Places on the Earth, and the Points in 
which a third Place is 7 tuated fron them, to 25 
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it's Place on the Globe and aa and us Longi- 
' tude by Calculation. 


ON the Globe: bring one Place to the Zenith, 
and apply there the end of the Quadrant of Alti. 
tude; bring it to the Point on the Horizon; 
and draw a Line (or a vertical Circle from the Ze- 
nith) along the Edge of the Quadrant; and do the 
ſame with the other Place; and where the Quadrant 
cuts the firſt vertical Circle | is the Place of the other. 

AND the very ſame way may be us'd for find- 
ing it on the Map. 

T HE Calculation of it we leave to a Maſter, if 
he find a Scholar that is capable of it. 

BUT enough is ſaid of finding the Longitude, 

whoſe great Uſe we have ſhown under Prop. 2. 

WE here add a Table of the Latitude and Lon- 
gitude of the chief Places of the Earth, that Stu- 
> Bo may have wherewith to excerciſe themſelves. 
This Table is alſo uſeful in every Part of Geogra- 
phy. The Author's Table, which was very erro- 
neous, is here omitted; and a new and exact one, 
agreeable to more late and careful Obſervations, 


added in it's ſtead. 


A Table of the Latitude and Longitude of Places ; 3 for- 
med from the lateſt and beſt Obſervalions. 


The Names 7 Places. Lat. Long. . iN 


5 | London, 
& | Mo | 
J I © 


Bbeville France 50 5 1 37 W. 
Acapulco Mexico 17 3oj106 10 


Agra Eaſt- Indies 28 30 83 15 | 
[Aix France 43 3t} 5 12 
Aleppo Syria 
Alexandria Egypt 31 7 35 £54 


Amiens 


— * 8 A ** _ 


— — 


| 


| 
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Lat. | Tong. from 
The Names of Places London, 
„ 
3 e DL 
Amiens France 32 21 + 40 
Amſterdam [52 21] 4 40 
Ancona Italy 43 54414 2 
Antibe France 43 344 6 55 
Antwerp Flanders 61 10] 4 20 
Archangel ' Ruſſia 164 300 41 20 
Arles France 43 344 4 41 
Arras Artois 50 16] 2 32 
Athens 138 51 25 22 
Avignon France i 48 
Auſburg Germany 48 24] 11 00 
Abylon [34 30 48 35 | 
Baione France 43 29 x 25 W. 
Barbadoes America 13 30] .58 10 W. 
Barcelona Spain £420 2-48 ©: 
{Baſil Switzerland [47 40] 7 55 
Batavia Eaſt-IndiesS.| 6 151100 30 
[Bengal India 21 50 95 20 
Bergamo „ 45 43] 9 45 
Bergen Norway [i od 8 5 
Berlin Germany 32 25] 13 18 
Hologna Italy M4 36 1+ 40 
_ [Boſton New Engl. 42 25] 50 32 W. 
Bourdeaux France 44 500 O 40 W. 
reſt ibid. 48 23] 4 45 W. 
Brunſwick Germany 2 15] 9 45 
Bruſſels Brabant 50 48] 4 15 
uda Hungary 147 46] 20 O 


CHAP. 31. of Univerſal nnn 


* Names of Places.” Lat. Long. a 
I London. 
55 O S 
EE | I =A}J S 
Adiz Spain 77 . 
Cairo Egypt 30 434 15 
alais France 150 57] 1 50 
Camboia India 10 201108 © 
Cambray Flanders FT] 1 
_ 5 Crete 35 29] 24 12 | 
2 Good- 
8 0 8. 34 9 50 
Cape Ver 14 431 76% % 
eylori Faſt-Indies | 7 50 83 20 
Cochin — India 9 25] 75 50 
olen _ Germany $057 Foal N 
ompoſtella Spain 42 580 9 52 W. 
Conſtantinople | i 27 39 
Copenhagen 42 5) 7 25 W. 
Coromandel India FS 4 75. 20. 
- [Cracow | 50 Io] 19 35 
Cuſco Peru ; S. an 
* fi 
Antzic Pruſſia 154 22] t9 5 | 
Dieppe France 49 56] o 57 | 
Dublin $3 1 6 55 WW 
Dunkirk £3; 1 4 as 
Durazzo Sclavonia 41 58} 20 20 
Dinburgh —_ 56 67 2 56 W. 
Embden Germany 153 L Z. 35 


„ 
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[The Names of Places. Lat, [Long. From ES | 
hs FE London. 
. F $ 
Errara 13 11 52 
Ferro Canaries 18 10 W. 
Fez | Afric | 1 6 £5 Ve. 
IFlorence : -- 04 1 42 
Frankford on the Main [;0 8 50 
G | 
Aunt Flanders 51 1 3 50 
Geneva 46 22] 6 35 
enoa | . TT 39 9 20 
Eaſt-Indies [15 300 73 50 
renoble France +. mT. 
uadaloupe America 14 of 62 1g W. 
T Ague | [2 4 4 o 
Hamburg Gemnngy 53 41] 10 35 
Heidelberg ibid. S. [49 _ 9 5 
Pr Helen's Iſland 5 55] 7 O W. 
| I 
\T Ja Jago Spain 42 58] 9 52 W. 
Ingolſtadt Germany 48 400 11 42 
Inſpruck Tyrol 47 15] 11 50 
[Iſpahan Perſia 36 14] 65 5 
IK oningwers Pruflia 3 431 20 35 


- Leipſic 


a 
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| Na antes _ 


France 


S8. 


" The Names of Places. © 
L 
Eipſic Germany 
Liege ibid. 
Lima Peru 
Lintz Auſtria 
{Liſbon 
London 
Lyons France 
| M 
M Adagaſcar 
Madrid 
Maeſtricht 
Majorca 
{Malta 
Mantua Italy 
Marſeilles 5 
{Martinico America 
Mentz Germany 
Meſſina Sicily 
Mexico America 
Milan 2 8 
Mocha China 
Modena ln - 
Molucca Eaft- Indies 
Montpellier France 
Moſcow 
Munchen Germany 
N 
Amur Flanders 
Nancy Lorain 


M 2 


7 50 


—— —⅛ 


58 


2 * mts At. 4 


. — 8 
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The Names of the Places. 
aples 
Narbon | 
Nice France 0 
Norimberg Germany | 
| 5 
Rmus Perſia 27 30 61 30 
Oxford 51 45] x 10 W 
P 1 
Adua 45 31] 12 © 
Paris | 48 5of 2 20 
Pekin China 39 5417 4 
Perpignan France 6 
Port-Royal' Jamaica 17 400 75 55 W 
rage 50 4d 14 35 
R 
5 Aguſa Sclavonia 42 33] 18 25 
Ratiſbon 8 59] 12 20 
Rhodes | 26 421 33 5 
Roan France 49 27] 0 57 
Rochelle ibid. 46 100 1 16 W 
Rome . ar 511 12-35: 
Roſtoch Germany 54 100 12 50 
Rotterdam 5x 55| 4 20 
8 
| "ny Spain 41 12] 5 o W. 
I Saragoſa ibid. 41 38] © 57 W. 
Sicily I5 4 N 
EY 9 Seville 
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Angier Afric 
Toledo Spain 
Tolouſe France 
Toulon ibid. 


| 


Tripoli Afric 
Tubingen 
Turin 


V 


Alence Spain 
e 


6 


U 


L . 
* 2 Arſaw 


Eaſt-Indies (14 18100 30 


Triers Germany 


Germany 48 


Vienna Auſtria 


T Lat. (Long. fam 


London. 
S S 
6 25 W. 


38 28] 27 20 
17 35 
7 50 


_—... 


09\O 9, Oz 4 9. ©) 
Uud 
1 


=> IS 
48 224 17 20 


52 5] 5 58 
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THE great Uſe of the Table of Latitudes, we 


have ſufficiently explained. in the preceding Propo- 


fition 3 and alſo the famous Uſe of the Longitudes 
of Plakes | in the end of Prop. 3. of this Chap. For 
Example, having the Hour when an Eclipſe is to 
be in one Place, or when the Sun enters Aries, or 


when the Sun and Moon are in Conjunction, or 


the Hour of the Appulſe of the Moon to a fixed 

Star; to find the Hour when the fame will happen 
in another Place, whoſe Longitude is marked in 
the Tables. This is done by turning the Difference 
of Longitude into Hours, and adding it to the o- 
ther Place, if leſs, but ſubſtracting if more; which 
will give the Hour when the Fhænomenon happens 
in the other Place. 
' BUT the principal Uſe of this Table will ap- 
pear inthe following Chapter. 

AND ſeeing the Uſe of the Declination and 
right Aſcenſion of the fixed Stars is very neceſſary 
in Geography and Navigation; we here add a 
Table of theſe; for the Stars of the firſt Magni- 
tude, for the Year 1710. *Tis known in Aſtrono- 
my, that there is a Change in thefe, by reaſon of 


the Motion of the fixed Stars on the Axis of the 


Ecliptic. Tis proper to have a Table of a great 
many Stars; for the ſame Stars are not always above 


the Horizon at Night. We add them here, chiefly 


for the Practice of young Students, that they may 
work the Problems. This belongs to Aſtronomy, 
but is allo of ren Uſe in Geography and other 
Sciences, | 

BY Aſtronomy we find the Declination and 
> Aſcenſion for each Year. 
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A TABLE of the Dedination and right Aſcenſion of 


the Stars of the firſt Magnitude, for the Year 1710. 


" CY 


| Declination. Right Aſcen. 
| The Names of the Stars, © "ER: * 
| Deer. Min. Degr. Min. 
The Bull's Eye - - - - - - „ . 
The Baſilisk, or Lion's Heart N. 13 24 148 141 
The Lion's Tal.. Nis ig 193 39 
The Virgin's Spike - - - - I 8 98 37 197 30 
The Scorpion' * - 18. 25 42 242 54 
The Bear's Tail [N. 20 46 210 39 
The . — | N. % 5 
The Swan's Tail - - - - - - N. 44 18 
The little Goat - - - - - - | N. 45 41 
Orion is left Foot - -'- - - - T8 © 
The Dog-Star - - - - - = - S. 16 17 
Orion' right Shoulder - - - N. 7 21 
The leſſer Dog - - - - N. 5 59 Xi 
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ET ET ET 70 K 56 
CHA r. XXII | 


o the mutual Situation of Places, and of | the ma king 
of 8 and Maps. : 


PRY PQSIFLOML 


Having a given Place on the Earih, to find how anv- 
ther Place bears from it. 


HAT is, to find the Point it is in, or the 
Angle of Poſition made by the Meridian, 
* an Arch from the one Place to the other: For 
Example; ſuppoſe we are at Amſterdam, and de- 


fire to know how Rome, Conſtantinople, Stockholm, 


&c. lie from 1 it. 


Toe finger bod. 
51 h 
ougan ſos fiele et 332 Ge 


and directing the Inden nn ; then o 
ſerve what Angle that Line makes with the Meridian 
Line, firſt found; WHcH ay be turned to Points, 
allowing eleven Degrees and a Quarter for a Point; 
and ſo every Place may be obſerved round you. 
We may next go to another Place, and from that 
obſerve, how all the Places in view, bear from us; 
which will determine each Place in a Map, by the 
cutting of two Lines, 


W H E RE ou 
tis eaſily done, b 


The 
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The ſecond Method. 


| IF you have the Places propoſed on the Globe, 


bring the given Place to the Meridian, and elevate 
the Pole for its Latitude; and fixing the Quadrant 

of Altitude in the Zenith, bring it to the ſeveral 
Places ſucceſſively. The Quadrant will ſhow on 
the Horizon the Angle of Poſition, and the Point 


wanted: thus we may tell how Rome, or Conſtan- 


tinople, lies from Amſterdam : which that we may 

conceive on the Earth, we muſt know which way 

the North lies; and ſo how the other Points lie, 
Te third Method, 


ON right lined Maps: if the propoſed Places 


be found in them, their Situation towards one ano- 


ther may be ſeen by the Eye, a right Line be- 
ing conceived to go thro* the Place, North and 
South; and another croſſing it at the Place at right 
Angles, ſhows the Eaſt and Weſt : from which the 1n- 
termediate Points may be conceived. Or by ſweep- 
ing an Arch or Quadrant with the Center at one 
Place, you'll have their Bearings more exactly. 


But this holds only in particular Maps; for in ge- 


neral and curve-lined Maps, the Points are not 
found ſo exact as one would deſire. 


The fourth Method. 


_ HAVING the Latitude and Longitude of two 
Places, their Bearing from the one is accurately 


found by ſpherical Trigonometry, either the com- 


mon way, or by Logarithms, or by an univerſal 


Planiiphere, or even by the Globe: for in a given 


Triangle you have the Complement of the Latitude 
of both Places, and the Difference of their Longi- 
1 tude 3 
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tude; and the Angle wanted is that adjacent to 
either of the given Sides; which will ſhow how one 


Place bears from the other. But this will be made 
Plainer by a Maſter and a Figure, and herein appears 


the uſe of the Table of Latitudes and Longitudes, 


The fifth Method. 


HAVING the Latitude and Diſtance of two 
Places, to find their Situation, with reſpect to one 
another. This may be done by ſpherical Triangles ; 


but there is no need of adding more on this Head. 


PROPOSITION II. 


Having a Place on the Earth, or on the Globe, to find 
all the Places that lie in the ſame Point from it. 


FOR Example ; to find the Places that lie North- 


| Eaft from Amſterdam. 


ELEVATE the Globe for the Place, bring 
the Place to the Meridian, there apply and fix the 
one End of the Quadrant, turn it about to the 
North-Eaſt Point on the Horizon; and you have 
under the Margin of the Quadrant, the Half of the 
Places that lie North Eaſt ; and the other Half under 
the Horizon. Tv | 

DRAW thro? the given Place a great Circle, 
that ſhall make the Angle of Poſition with the Me- 
ridian ; and the Half of that Circle will go over 
the Places. 0 


PRO PO. 
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pP PROPOSITION II. 


To find all the Places from which a given Place lies in 
ft: a given Point. 


FOR Example; to know all the Places from 
which Amſterdam lies North-Weſt : or to make it 
more pleaſant; having a Place, as Amſterdam, to 
find all the Places from which if I travel to Amſter- 
dam, I ſhall ſtill go North-Weſt. The former 
Problem might be drawn on a Plane, for the Places 
ſought are all in the Periphery of a Circle, which 
may be exhibited on a Plane, and,are always 
in one Plane : but the preſent is a ſolid Problem, 
or rather regards the Surface of a Solid ; for the 
Places lie not in a Circle, except when the Point is 
North or South ; but in a certain curve Line, which 
is to be drawn not on a Plane, but on a curve Super- 
ficies; and is a curve Line of a particular Kind, ter- 
minated on both Sides. And to conceive it, or find 
the Places in it on the Globe, bring the given Place 
to the Meridian ; and if the Point given be eaſtward, 
the Places ſought are weſtward ; but contrariwiſe, if 
the Point be weſtward, and the given Place be norther- 
ly, the Places lie ſoutherly : but contrariwiſe, if 
ſoutherly, and the given Point be due Eaſt or 
Weſt on the Equinoctial, the Places ſought will 
lie in a curve Line, beginning at the given Place, 
and ending in the Pole next to it, and ſituated on 
the Eaſt Side of the Meridian, if the given Point 
be the Weſt; but on the Weſt Side if it be Eaft. Thus 
let the Places ſought be thoſe from which Amſter- 
dam lies due Weſt; becauſe the vertical Circle of 
all Places, ar the Point due Eaſt and Weſt from 
them, falls on a Point in the Equator, at the Ho- 
rizon ninety Degrees from the Meridian of every 
Place; and the Places ſought muſt be on the Eaſt 
Side of the Meridian ; fo that their prime Vertical 
running to the Weſt, may cut a Quadrant of the 

„ , Equator 
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Equator between the Weſt and South: now let 
reat Circles be conceived to paſs thro? Amſterdam 
255 each Point of that Quadrant, and Meridians 
drawn from theſe Points as Poles: the Points in 
which each great Circle cuts its Meridian, are the 
Places fought, which conftitute a curve Line run- 
ning into, and terminating in, the Pole; where there 
appears to be a Difference between that Line and 
Rhumb-Line of a Ship's Courſe, (of which we. ſhall 
treat in a particular Chapter); for the later is not 
in Voyages due Eaſt and Weſt: but all kinds of 
the former are ſuch as to be contained between the 
Quadrants of two Meridians, whoſe Diſtance does 
not exceed ninety Degrees, and end in the Pole. 
_ BUT when any Point is given between the Car- 
dinals; for Example, let the Places be required from 
which Amſterdam lies South-Weſt, or in a Point 
forty five Degrees from the Meridian of cach Place 
towards the Weſt, remote from the South. Firſt, 
conceive another Meridian on the Eaſt Side of the 
Meridian of Amſterdam, (for *tis plain the Places 
ſought muſt be ſituated there) which makes an 
Angle of forty five Degrees, with that of Amſter- 
dam ; this will be the Bounds of the Places ſought: 
nor can any Place be found in any Meridian beyond 
it, which will anſwer the Demand. Then imagine a 
great Circle drawn from Amſterdam, that ſhall be 
-rpendicular to that Meridian; and becauſe the 
Poine given inclines from the Weſt to the South, 
the Planes. ſought muſt be ſituated in the ſpace of 
the Triangle, whoſe Sides are (1.) the Perpendicu- 
lar now drawn. (2.) A Part of that Meridian inter- 
cepted between the great Circle and the next Pole ; 
and (3.) Part of the Meridian of Amſterdam, betwixt 
Amſterdam and the neareſt Pole. | 
TH E curve Line is ſituated in that Space, and 
the Points of it anſwer the Demand; and it goes 
from Amſterdam all the way to the Pole in a _ 
| | ain: 
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Path : for to draw it there muſt be ſeveral Meri- 
dians drawn in that Space; and ſuch a Point be 
taken in each, from which a great Circle being 
drawn to Amſterdam, makes an Angle of forty five 
Degrees: and thus the ſeveral Points of the Curve 
to be deſcribed, are found. | | 
WE have ſaid more of this curve Line, in our 
Book of curv'd Lines. But we would not omit it 
here, becauſe this was a proper Place to explain it 
as belonging to Geography. 


PROPOSITION IV. 


Having the Latitude of one Place, and the Diſtance from 
another, and the Point in which the ſecond lies from 
the fir z to find the Point the other lies in from the 


ſecond. 


T HIS will be better underſtood by an Example. 
Suppoſe the Point given, in which Hamburgb lies 
from Amſterdam, and that there is wanted the Point 
that Amſterdam lies in from Hamburgh : *tis general- 
ly thought that 'tis the contrary Point, but falſely ; 
and herein is the Error of all Sea-Charts, and right 
lined Maps. The true Solution is by ſpherical Tri- 
gonometry, or by the Globe, or the Planiſphere. 


PROPOSITION V. 
To make a Terreſtrial Globe. 


THIS is the common confuſed Phraſe for the 
Problem: but it ought to be propoſed in a Ma- 
thematical Style thus, for underſtanding it diſtinctly: 

Having any Point on the Surface of any Globe, which 
Point is ſuppoſed to repreſent a Place on the Earth (or 
having a Semicircle thereon), to find ſeveral Points on the 
Globe, and Lines which are ſituated to the given Point, and 
among themſelves as the Places or Lines on the Super- 
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Equator between the Weſt and South : now let 


reat Circles be conceived to paſs thro* Amſterdam 
2 each Point of that Quadrant, and Meridians 
drawn from theſe Points as Poles: the Points in 
which each great Circle cuts its Meridian, are the 
Plaees ſought, which conſtitute a curve Line run- 
ning into, and terminating in, the Pole; where there 
appears to be a Difference between that Line and 
Rhumb-Line of a Ship's Courſe, (of which we ſhall 
creat in a particular Chapter); for the later is not 
in Voyages due Eaſt and Weſt: but all kinds of 


the former are ſuch as to be contained between the 


Quadrants of two Meridians, whoſe Diſtance does 
not exceed ninety Degrees, and end in the Pole. 

BUT when any Point is given between the Car- 
dinals ; for Example, let the Places be required from 
which "Amſterdam lies South-Weſt, or in a Point 
forty five Degrees from the Meridian of cach Place 
towards the Weſt, remote from-the South. Firſt, 
conceive another Meridian on the Eaſt Side of the 
Meridian of Amſterdam, (for *tis plain the Places 
ſought muſt be ſituated there) which makes an 
Angle of forty five Degrees, with that of Amſter- 
dam ; this will be the Bounds of the Places ſought: 
nor can any Place be found in any Meridian beyond 
it, which will anſwer the Demand. Then imagine a 
great Circle drawn from Amſterdam, that ſhall be 

rpendicular to that Meridian; and becauſe the 
Point given inclines from the Weſt to the South, 
the Planes. ſought muſt be ſituated in the ſpace of 
the Triangle, whoſe Sides are (1.) the Perpendicu- 
lar now drawn. (2.) A Part of that Meridian inter- 
cepted between the great Circle and the next Pole ; 
and (3.) Part of the Meridian of Amſterdam, betwixt 
Amſterdam and the neareſt Pole. 

THE curve Line is ſituated in that Space, and 


the Points of it anſwer the Demand; and it goes 


from Amſterdam all the way to the Pole in a . 
| Path 
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Path : for to draw it there muſt be ſeveral Meri- 
dians drawn in that Space; and ſuch a Point be 
taken in each, from which a great Circle being 
drawn to Amſterdam,” makes an Angle of forty five 
Degrees: and thus the ſeveral Points of the Curve 
to be deſcribed, are found. 

WE have ſaid more of this curve * in our 
Book of curv'd Lines. But we would not omit it 
here, becauſe this was a proper Place to explain it 
as n to Geography. 


PROPOSITION IV. 


Having the Latitude of one Place, and the Diſtance from 
another, and the Point in which the ſecond lies from 
the fr; to find the Point the other lies i in from the 


ſecond. 
T HIS will be better das by an Example. 


Suppole the Point given, in which Hamburgb lies 


from Amſterdam, and that there is wanted the Point 
that Amſterdam lies in from Hamburgh : tis general- 
ly thought that *tis the contrary Point, but fallely ; 
and herein is the Error of all Sea-Charts, and right 
lined Maps. The true Solution is by ſpherical Tri- 
gonometry, or by the Globe, or the Planiſphere. 


PROPOSITION V. 
To make a Te erreſtrial Globe. 


THIS is the common confuſed Phraſe for the 
Problem: but it ought to be propoſed in a Ma- 
thematical Style thus, for underſtanding it diſtinctly: 
Having any Point on the Surface of any Globe, which 
Point is ſuppoſed to repreſent a Place on the Earth (or 
having a Semicircle thereon), to find ſeveral Points on the 
Globe, and Lines which are ſituated to the given Point, and 
among themſelves as the Places or Lines on the Super- 


Fcies of the Earth, which they repreſent, are fi — 
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The firſt Method. 2,6 1 


T Is an excellent, eaſy, and accurate Method 
by which, having the Latitude and Longitude of 
Places on the Superficies of the Globe, the Points 
and Places ſought, repreſenting the Parts of the 
Earth's Surface, are marked down. And tho? Ar- 
tificers do not uſe this Method when they make the 
terreſtrial Globes that are ſold in great Number, (be- 
cauſe it may be done another way, the large Sale of 
them anſwers the Expence; tho' indeed it is not 
the more eaſy and leſs expenſive way for making 
one Globe, yet moſt ready and leſs expenſive for 
making a great many, of which we ſhall ſpeak in 
the third Place); yet the Foundation of that Con- 
ſtruction depends on this Deſcription conceived on 
the Globe: and ſo in like manner when large Globes 
of Braſs are to be made, and the Places of the Earth 
to be marked on them, ſuch as Princes uſe to have, 
who are lovers of Mathematics. And thus lately 
the Dutch Eaſt-India Company ordered to be made, 
by the Direction of Blave, a Globe of Braſs, whoſe 
Diameter was five Foot; and on it was to be en- 
raved, and illuminated the chief Places of the 
Farch, which was ſent as a Preſent to the King of 
ſome Iſland there, from the ſaid Company; the 
King having deſired the Dutch Conſul, that he 
would take care to have ſuch a Globe made in Hol. 
land, promiſing a large Reward for it. So likewiſe 
at this preſent Time the famous Frederick Duke of 
 Holjace, who is not only a favourer and promoter 
of all kinds of Learning, eſpecially Mathematics 
and Phyſics, but alſo a great improver thereof: 
and *tis for his Honour that I here mention that he 
ordered a Globe to be made of ſo large a Cavity, 
that one might commodiouſly fir in it, and fee all 
the fixed Stars on the concave Surface within, 
marked with a Gold Colour, and the Sun in the 
| Ecliptic 
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Ecliptic, moving by a Skrew ; which in the mean 
time revolved in twenty four Hours, by a ſmall 
Inſtrument added to it: fo that the Spectator 
within had ſuch a View of the Celeſtial Bodies, as 
we have by Night in the Heavens : and the outward 
Surface (to come to our purpoſe) had the Places of 
the Earth on it; ſo that it was both a Celeſtial and 
Terreſtrial Globe. When we ſay that the Places are 
to be marked on ſo large a Globe of Braſs, Artifi- 
cers cannot uſe their way by the Application of pa- 
per Maps : nor were it proper to do ſo in making 
ſuch fine Globes; for the Places muſt be cur our 
and illuminated; and the Circles and Rivers mark- 
ed as they are on the Earth; and that by the Table 
of Latitude and Longitude ; uſing alſo a common 
Globe for giving the River's Courle, and the Bounds 
of the Sea and Land. | | 
THRO- a given Point, or one taken at plea- 
ſure, let there be drawn a great Circle for the 
Meridian of the Place; then take therein an Arc 
from that Point equal to the Latitude of the Place re- 
reſented by that Point, and mark the Limit: then 
e the ſame Point on the other Side, in the ſame 
Circle, take an Arc equal to the Complement of 
the Latitude, or .Diſtance of the Place from the 
Pole; and the Extremity of this Arc will be the 
North or South Pole, and the other will be in 
the Parallel of the Place from which on the 
Meridian ſet the Latitude; which will give the 
Equator. Then take on the Meridian the other 
Pole, and let there be an iron Rod run thro? the 
two Poles; and on the ends of it let there be a 
Circle of Braſs hung, divided accurately into three 
hundred and fixty Degrees, or four Quadrants, 
each Quadrant beginning the firſt Degree at the 
Equator, which muſt be alſo divided into three 
hundred and ſixty Degrees; and the great Circle 
drawn on the Globe, may repreſent the firſt Meri- 
dian 
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dian: or if you take another, let the Longitude 
of the Place, firſt ſer down, be ſet on the Equa- 


tor; and at the end of the Arc draw another Circle 


for the firſt Meridian, to the Welt of the former, 
counting the Pole furtheſt from you the North ; 
and you will have the Eaſt Part of the Globe on the 
right Hand, and the Weſt on the left; and mark 
the Degrees on the Equator, ten, twenty; thirty 


to the right Hand, and ſo round; then taking the 
Longitude of a Place from the Table, bring the 


Degree, and Minute if poſſible, under the braſs 
Meridian, and count the Latitude of the Place 
North or South; and where it ends mark the Point 
on the Globe under it for that Place, and ſo ſor 
all other Places. STO 

YET this way is not to be wholly followed in 
Practice; for to make a Globe true, there ſhou'd 


firſt an Axis be run through, the ends of which 
muſt be the two Poles, and the firſt Meridian 
be firſt drawn. Tho? *tis ſeldom that large Globes 


are made thus from Tables; but in the common 
way by paper Maps, or by taking the Latitudes 
and Longitudes from leſſer Globes, as Blave did 
in the great one ſent to the Eaſt-Indies. 


The ſecond Method. 


_ THIS Method is to be uſed chiefly when a 
few Places only are to be marked on the Globe, 
rather than for making a Globe entirely: but it 
makes uſe of the Diſtances of Places. Let there 
be an Arc of a great Circle, drawn thro* a Point 
given; and on it take an Arc from the given 
Point equal to the Diſtance; the end of that Arc 
will be the other Place: and to mark a third Place, 
take with the Compaſles the two Diſtances of that 
third Place from the other two, and having, from 
the two Places as Centers, deſcribed two Arches 

28 5 cutting 
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cutting one another, the Point of Interſection will 
be the third. 5 ͤĩð ò F „ 

BUT this Method is not proper for the mak- 
ing of the whole Globe, but only when we would 
mark a few Places on a Globe; which had been 
omitted; which is eaſily done by the two Diſtances, 
without, the Trouble of calculating their Latitudes 
and Longitudes. So that the Problem is this, 
Having the Diſtance of a Place from two other Places 
that are found on the Globe, to mark that Place on 


o 


the Globe. 
The third Methed, commonly uſed by Artifies 1 
. THIS third Method of making all the Globes 


we ſee (excepting the great ones above ſpoken of) 
both Celeſtial arid Terreſtrial, is indeed not very 
eaſy. or quick, if there were only one or a few 
Globes to: be made by itz but is very ready for 
making ſuch a great Number of them as is ſold, 
and is thus: Let the Superficies of the Globe and 
Earth be conceived as divided into twelve Parts or 
more, if the Globes be large, by Meridians drawn 
from Pole to. Pole; then let there be drawn one 
of theſe. Parts on a Plane, tetminated with two 
Meridians, which will make on the Globe two Se- 
micircles of two Meridians ; and a great many Me- 
ridians being drawn thro? each Degree on the E-. 
quator, and theſe cut by many Portions of Parallels 
of Latitude thro* the Degrees on the Meridians in 
the form of a Latitude, the middle ore will be a 
Portion of the Equator, and the Meridians are to 
terminate in the Poles: and taking one for the firſt 
Meridian, mark the Degrees of Longitude on the 
Equator, thirty on the Erft Part, and from that 
to ſixty on the other Part, and fo on; thus you 
may find the Longitude of any Place, and it's La- 
titude, meeting in a Meridian and Parallel, cutting 
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one another. And the ſame way the ſeveral Parts 


of a River or Bay may be marked; and let the | 


- fame be carved out in Brafs or Wood, and by a 


Rolling Preſs. ſome thouſands of them may be 
imprinted on Sheets of Paper; and the Parts cut 


out and applied to the Globe; ſo as the Meridian 
of the one may join that of the other, to make one 


Meridian on the Globe: and the Meridians need 


not reach ſo far as the Pole, but only to the polar 


Circle; and the Parts about the Poles may be co- 
vered with Papers made on purpoſe for them; for 
it will be eaſter to apply them that way, eſpecially 
if they are large Globes. Thus are all the Places 


on the Earth exhibited on the Globe; and the 
braſs Meridian, with the Horizon, Standard, Ho- 
rary- Circle, and Index, are made for the Globe. 


THERE are two Things in this Deſcription 


that require a more full Explanation; the reſt l 


think being eaſy. 1. How theſe twelve or twenty 


four Parts are deſcribed on a Plane. And, 2. how 
plain Papers can be applied to the curve Superfi- 


cies of a Globe. The firſt is done eaſy enough, 


Thus, for Example, Let the twelfth Part be to be 


made for the Globe from the Pole to the Equator; 


find the Periphery of a great Circle for the given 


Diameter of the Globe by Archimedes's, or any o- 
ther, Proportion. The Diameter being two Foot, 
the Length of two Foot marked on the Paper, and 


each Foot divided into ten Inches, and each Inch into 


ten Parts, there will be two hundred Diviſions; then 
as 7 is to 22, ſo is 200 to 6287 or 6 Feet for the 
whole Periphery. And the fourth Part of it will be 
1577 hundred Parts, or 15˙ Feet, and the twelfth 


Part 52A, or half a Foot, and 5+ and zb of . 


Then draw a Line on Paper 522: hundred Parts 
long, taken from your divided Scale, in the middle 
of it, cutit with a Perpendicular 1577 hundred Parts 


long, which will be a Quadrant, and the end of 
it 
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it is the Pole ; and divide it into Degrees (the 
Length of one Degree will be had if 628+ be di- 
vided by 360) then on the Pole as a Center des 
ſcribe Arches thro? each Degree, which will be Pa- 


rallels; and with the Compaſſes take off on both 


Sides of the Meridians, 2, of the Periphery (which 
will be known by the Proportion of the Parallel 
to the Equator, as in Chap. 4. at thr, and) and thro? 
each end draw Lines, and the iticloſed Part cut 
off and applied to the Globe will cover 12 of the 
Hemiſphere: The Application will be eaſy; if 
the Part be the 12 Part of the Earth's Superficies 
for the Difference between a ſtrait, and curve Line 
in ſo ſmall a Part, will not be ſenſible; and the 


Paper, being. moiſtened, will ſtretch a little: and 


the Places are marked on the Papers. before they 
are applied. | | 


PROPOSITION Vi. 
To make Geographical Maps. 


THE Problem is to be propoſed thus, in 4 
Mathematical Style. Having the Situation of a Plane 


infinitely extended, to repreſent thereon the Places of © 


the Earth, according to the Law of , Perſpefiive. Or 
yet more generally thus: | 
HAVING a Point given on a Plane which re- 
preſents ſome Place of the Earth, to find on the ſame 
lane other Points and Lines which may repreſent as 
eommodiouſiy and naturally the Places and Lines of the 
Earth, or their Situation to the given Place, and among 
themſelves. Thus I think the Senſe of the Problem 
may be better expreſſed. EY rs 
BECAUSE few Students of Geography un- 
derſtand the Laws of Perſpective, and can have 
no clear and diſtinct Knowledge of the Cenſtru- 


"2 BE = 


_—_ SS Ei eter 74 — — — 
ELD A * —— 82 
1 — - — — — 0, 5 > Þ : — 
. — * "es et raed n — — 
. — — T : 


— 8 * 8 # b — 
2 "A — — 1 2 
N n * I ˙ er 
—— 8 CC ²˙ͤyVwU eo nn Do III 
&. — = - * a — = 4 - —_ v 7 5 
—— IY r r 1 — 
= .-- * — — « IE II 
A — 23 — 1 * * of 


— RW > 


— — — 


. - — 


1 
- 1.44 — 


698 The Comparative Part SE Cr. VI. 
ction of Geographical Maps, nor judge of their 
goodneſs and badneſs, except they know the Ele- 


ments of Perſpective, according to which they are 


made; therefore a few things are to be here ex- 


plained in that Art of Perſpective. 


_ THE Deſign of this Art, as every one knows, 
is to repreſent viſible Objects on a Plane, whoſe 
Situation is known, 2. e. that the Parts of the Pi- 
Eture may be fo placed as to appear to our Eye 
the ſame way as the Parts of the Object would ap. 
pear, if in the ſame Place. And the Method uſed 
for it is this: | Go 

WHEN they would repreſent a Point, Su- 
derficies, or Body on a Plane, (whether they ſee 
it, or only conceive it) they firſt ſuppoſe it to 
be feen from ſome Point. Secondly, they conceive 


a Plane interpofed between the Object and the 


Eye, in ſome certain Situation, thro* which, as a 
tranſparent Medium, the Objects are ſeen. Then, 
thirdly, they ſuppoſe Lines or Rays from every 
Point of the Object coming to the Eye thro' that 
tranſparent Plane; the feveral Points of that Plane 


thro' which the Rays come, being joined together 


with Lines, will repreſent the Appearance of the 
Object to the Eye in that Place; which yet (as any 
one may eafily conceive) is not true in all Points 
according to the Laws of Optics. But becauſe a 
better Method is not yet found, we muſt be ſa- 
tisfied with this: for Example, Let the Superficies 
of the Earth, and all the Points or Circles there- 


on, be to be repreſented; we firſt conceive the 
Eye ſituated in ſome Point without the Earth; 


and a Plane that is tranſparent interpoſed between 
the Eye and the Earth in any Situation: tho? *tis 
better to ſuppoſe it perpendicular to the Line, 
from the Erth's Center to the Eye, that the Fi- 
Sure may appear the more regular. Then we are 
to conceive Lines drawn thro' that Plane, from 

| | every 


* 
2 : 1 
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every Point of the Earth, or of the Circles on it, 
as the Equator, Tropics, and from all the Cities, 
Rivers, Sc. where theſe Lines go thro? the Plane 
you have the ſeveral Points repreſenting them, 
AND becauſe the Earth is round, it's Super- 
ficies cannot be all repreſented on one Plane ; for 
two Places of the Earth would thus make two 
Points on the Plane, which would be confuſed; 
therefore the one half is to be repreſented in one 
Plane, and the other in another. And thus the 
e may be ſuppoſed to be within the Earth, as 


when we would repreſent one Hemiſphere, the 


Eye may be ſuppoſed in the other, and the Plane 
between the Eye and the Hemiſphere to be re- 
preſented; and ſo it is if only one Place, as Eu- 
rope or Africa were to be repreſented, when the 


Eye may be ſuppoſed in the Earth's Center. 


FROM this we think the Reader may under- 
ſtand the Nature of the Art of Perſpective; but 
two chings are to be explained, from which the 
Diverfity of Geographical Maps ariſes. 


WE f{ajd a Place muſt be ſuppoſed for the Eye; 
and ſince there are infinite Places in which the 


Eye may be, the Rays that come from the Object 
will; penetrate the Plane in infinite Places; as a 
Houſe, it's Walls and Frontiſpiece appear other- 

wiſe when the Eye is directly oppoſite to it, then 
when obliquely, and when the Eye is higher than 
it, than when lower: which Maſters may ſnow to 
their Scholars by a Figure. Thus the Earth and 
the Circles on it will appear differently to an Eye 
above the Equator, and to another in it's Axis, or 
another above a certain Place between the Pole 


and Equator; which will cauſe the Circles on the 


Earth to appear in different Figures; which the. | 
Reader may eaſily conceive, eſpecially if ſhown 


% 


N3 ANOTHER 
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ANOTHE R thing which we think is to be 
conceived in this Method, is the Cauſe of the dif. 
ferent bigneſs of Maps: for all Objects, as 8 
or Houſes, may be repreſented either as' bi 

little on the Plane. The Cauſe of it is two Id; 
1. The further the Object is from the Eye, the 
Appearance is the ſmaller; the Plane interpoſed 
continuing in the ſame Situation. 2. The nearer 
the Plane, on which the Repreſentation is made, 
to the Eye, the Appearance is the leſs, and the 
nearer the Object, the greater (a). 
AN P if the Eye be removed never fo far from 
the Object, the Plane being fixed, provided the Eye 
be moved in a Line thro' the Center, or perpendi- 
cular to the Earth's Surface, the Figure will appear 
the ſame, tho? leſſer (h); and ſo if the Plane bere- 
moved nearer to the Object, or from the Eye, the 
image o of ic in theſe different Diſtances will be ſimi- 


- 


(a) That ts, if both the Plane | it's parallel Situation, and the 


and when the Eye is removed 


and the Eye be together remo- 
ved from the Object; the Image | 
becomes the Imaller, the farther * 
the Eye is removed. 
the Plane retains the ſame Si 
tuation, with reſpect to the Ob-j m 
ject, the Image becomes the 
larger, the farther the Eye is 
removed. For where the Eye 
touches the Plane, the whole 


Projection is confounded in one | 


Point; but as the Eye gradually 
recedes, the Projection enlarges; 


to an infinite Diſtance, the I. 
mage becomes as large as che 
Obſect. 

% In repreſenting plain Sur- 
faces, how far ſoever either the 
Plane, or the Eye be removed, 
the Figure of the Projectionis no 
way altered, except in it's mag- 


” But if 


airude; provided the Plane retains | 


Eye continues in the ſame per- 
pendicular Line. And fo, if a 
curve Surface is to be project. 
ed, and the Eye have a certain 


Situation,” the Projection re- 


8 ſimilar, tho! the Plane 
be” removed to ever ſo great, 
Bigge © 


or Ever ſo {mall 4 


Hut if the Eye be moved, tho? 


in the fame 122 Line, | 


S @ <0 Y' 


e chews 7 "from 
Eye is ſuppoſed removed on! 


a Semidiameter of the Earth 
from the Center; and in the 


latter, placed at an infinite Di- 
Rance. 


lar, 
1333 


your * hk. ie If ———_ _— ==. 
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lar, if the Plane be kept ſtill in a parallel Poſition ; 
tho' the Image will be different in it's Magnitude. 
But if the Table alter it's Poſition, or the Eye go 
out of the Line that paſſes thro? the Earth's Center, 
then the Image will be diſſimilar 3 and the Rays 
will come thro* Points of the Plane that have a 
different Proportion in their Diſtances from ano- 
that ie 105 e ola 2, 

- BUT in projecting all Bodies, and alfo that 


of the Superficies of the Earth, they uſe to place the 


Plane whereon the Picture is, ſo as to touch the 
Body or Superficies in a Point, thro' which, if a 
Line paſſes from the Eye, it would be perpendicular 


to the Body or go to the Earth's Center: but for the 


Magnitude. of the Image we ſuppoſe the Eye to be 
mare or leſs diſtant from the Earth, which will 
then appear ſmall. „ 
THESE things, of the Projection of the Earth 
and the Origin of Maps, being explained, in the 
general; we ſhall ſhow the Method itſelf : where it 
may be aſked, whether the Laws of Perſpective 


muſt be kept to; the Deſign of the Maps being 


to repreſent clearly and (conveniently. the Places on 
tae Earth in their due Diſtances; and whether this 
may be done without Optics: to which I anſwer, 
that particular Maps may be made only by the 


| Angles of Poſition, and the Diſtances 'of Places; 


but in large Maps there muſt be an exact Obſer- 
vation of the Laws of Perſpective; even tho' the 


Places of the Earth are not truly repreſented as 
they are on the Earth. For we muſt know, that 
there is a three- fold end for which Maps are made; 


1. That all Places may have ſuch a Situation and 


Diſtance from the chief Circles of the Earth; as 
the Equator, Parallels, Meridians, as on the Earth 


itſelf, that the Diſtance of the Parallel of each 


Place from the Equator, the Zone, the Climate, 
&c, may be ſeen in 3 for the Properties 


4 and 
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and Celeſlial Apt earances in the Countries de- 
pend on it. hat the bigneſs of each Coun- 
trey may be in — ſame in Proportion as they are on 
the Earth. 3. That Places may be ſo ſituated, and 
diſtant from one another as? they are on the Earth. 
I THE firſt of tlieſe ſhould be exactly anſwered 
by the Maps; and they do it for the moſt part; 
being made from Tables of Latitude and Lon- 
me nor is it hindred by the Laws of Per- 
pective. But the ſecond cannot be accurately 
done if the Laws of Perſpective be obſerved; for 
the Parts of the curve Superficies that are furtheſt 
from the Eye, appear leſs 'than thoſe on the 
Plane near the Eye; yet the inequality is but ſmall 
if the Eye be ſuppoſed to be at an infinite Diſtance 
from the Earth (c). The third rohuitte, no 
/// WO TI 25 75 3% 1 ** ys 
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ing placed in 0 in the Dia- 
meter BED, drawn out to any 
length towards D, and the Eye 
directed upon the right Line 
CEC; it appears that if any 
Difference be found in the Pro- 


(c) It! is a common and una- 
voidable Error in all the Pro- 
jectionz of this kind, that the 
Parts unequilly diſtant from the 

Center, ard reprefented as un- 
equally diſtant in“ the Map 24 
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whence the Magnitudęs and 
Figures of the Parts of the 
Earth, are more or leſs alter - 


ed, and diſtorted, according to 


the different Poſition of the 


Eye. To underſtand how this 


. happens; and how far it may 
be carrected; 'twill be proper 
to conſider the Formation and 


Origin of theſe Repreſentations: | 
And' this wil be the eaſier, if 


we drop the Deſcription of the 


Globe; and make choice of a- 


ny ſingle Circle, by way of 
Eaxmple. (13 fat 

- Suppoſe Nene half ha 
Circle CRCD, were to be 
projected, viz. © BC; (8 
405 35 36, 37) the Eye be 


 farthelt removed 


* — VP — 


jections of the different Parts, 
it will be the greateſt betwixt 
the Repreſentations of the Parts 
in the middle of the Semicircle, 


lying near B, directly under 
the Eye; and thoſe which lie 
ws 4% the for- 
mer; viz. in Ce. eſe Parts, 
therefore, we are "Thielly to 
C 00 OW 57.99 
Suppoſe then BS to be an 


infinitely little Fart of the Pe· 


riphery; ſo as to for a 
= Line; and 84521 Part e-. 
qual to it; and the Eye, at 
N ſituated in the right 
ine E D, infinitely produced: 
then the Repreſentation of BB, 
* be the little Lins Ee, * 
5 


1 
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Jarge Maps, ſuch as thoſe of the Earth, or the four 


* 


the Repreſentation of Ce, will 
Now, from the Elements of 
Geometry, becauſe the Tri- 
angles OB and OEe, are ſi- 
milar, OB: OE: : BS: Ee. 
And again, becauſe the Triangles 
OEd and Cd are ſimilar, 
OE: Ed: :c C: Cd. Whence 
we may eaſily underſtand what 
the Proportion will be betwixt 
Ee and Cd, the Projections of 
the little Lines 'Bþ and C? at 
whatever Diſtance the Eye be 
place” 7. ER” 
For, firſt, if the Eye were 
removed from the Center E, 
(Fig. 34.) by the infinitely little 
| Diſtance OE; then Ez will be 
infinitely” little in reſpe& of 
Bb, or Cc; and therefore more 
than infinitely -little-with reſpect 
to the Line Cd; which in this 
Caſe is equal to half the Radius. 
- Secondly, if the Eye be in 
the Point D; (Hg. 35.) then 
Ee will be half che Line C2: 
as in the firſt, *' fecond, and 
eighth Method of the Author; 
wherein the Parts directly ex- 
poſed: to the Eye, are repre- 
ſented much ſmaller than thoſe 
laced at the bee en the 
p. See Hg. 39, 40, and 45. 
But if O be the Side of a 
Decagon, inſcribed in a Circle; 
the Projections of the Parts Bb, 
and Cc, will be equal to Ez, 
and Cd (Hg. 360 „ d Rees ö 
If the Eye (Fig. 37.) be remo-' 
ved to an infinite Diſtance; as in 
the Author's ſeventh Method; 


0 CY | * 
* Y 
o 
& 4 


than Cd. And hence, in Fg. 
43. the Projections of the Parts 
that fall in the middle of the 
Map, are much larger, than of 
thoſe which approach to the 
exterior Circle. T 
When the Eye is placed i 

any intermediate Part betwixt 
thoſe above-mentioned; the 


* 


proportionable to each other, in 
an intermediate Manner, reſpe- 


| the Repreſentations of the Parts 
B, and Ce, either equal, or in 
any Proportion, greater than 
each other, by chuſing a pro- 
per, or correſponding Place for 
the Eye. 2 1 

Among the infinite Poſitions 
aſſignable to the Eye, there are 
chiefly two that have been uſed, 
wherein it is placed either in 
the Point D, or removed to an 
infinite Diſtance; becauſe no 


in Deſcription, or more com- 


the Surface of the Earth has 


ſtorted and deformed Manner ; 
| whilſt thoſe Parts that fall chief- 
ly in the middle, or extremi- 
ties of che Map, were exhibited 


ſmaller than they ought to have 
been 5 | 


| This being obſerved by that 
excellent Aſtronomer, M. ge la 
Hire; he invented a Remedy 


then Eg, will be infinitely bigger 


Hift. Acad. Scient. 1701. 


141 


Lines Ee and Cd, will be 


ctively. So that we may make 


Method was found more eaſy 


modious with reſpect to the Er- 
ror abovementioned. And hence 


been repreſented in a very di- 


either much larger, or much 
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they do it indifferently well, and meſt People 
think tis done in great Maps too; but we ſhall 
explain theſe things more fully in the Deſcription 
itſelf: only we would here obſerve, that in all the 
general Maps commonly fold. by Artificers, that 
Point is ſuppoſed to be juſt under the Eye in the 
Projection, which is in the middle of the Map; for 
above that the Eye is ſuppoſed to be; and? tis ſo 
in many particular Maps, but not all. þ 
IT will be of uſe to underſtand what follows, if 
Maſters and Scholars purchaſe ſets of Maps; that 
what we ſay may be illuſtrated by Examples. 


The f rſt eaſy Method, in which the Eye is Ml in 
= the Axis. 


1. 1 will ſhow the Conſtruction of the North 
Hemiſphere this way. Let us ſuppoſe the Eye 
placed without the Hemiſphere, and to be above 
the North Pole; and thus the Eye will be in the 
Earth's Axis, tis no matter whether in the Axis 


for the Inconvenience; by mak- | In this Projection, all the 
ing the Diſtance DO, (Fig. 38.) | Circles paſſing thro! the Points 
equal to FG, the right Sine of B and D, and directly expoſed 
forty five Degrecs. And hence, | to the Eye, are repreſented by 
the right Line OG, being | right Lines; and all thoſe which 
drawn, biſeQing the Quadrant! have their Planes parallel to the 
BC, it alſo biſects the Radius | Plane of the Map AEC, or 

EC, which repreſents that Qua- | ſtand dicular to the Dia- 

drant; as eaſily appears by con- | meter BD, alſo denote Circles 
 fidering the firmiar Triangles | in the Mapz but the reſt are 
OF G., and OEI. And thus | elliptical; all which, whether 
the other Parts of the Quadrant trait Line, or e Diameters 
BC, and, in the like manner, of | of Circles, and Ellipſes, are 
the whole Semicircle ABC, found in the ſame manner, as 
are repreſented in the Proje- | | is | deſcribed by the Author. 
ion, nearly proportional to. We muſt however obſerve, that 
each Aden, — to Senſe, mne Lines for dividing the Di- 
fectly ameter AC, and BD, which, 
And as this Method of de- in Fig. 39. and 40. are drawn 
ſeribing the Earth or Heavens, from the ends. of the Diame- 
1s not inferior to the former ters, are to be drawn from the 
Methods, in Point of facility ; Points that lie removed from 
ſo it is highly preferable in're- | thoſe ends by che interval of DO. 
| ſpect of accuracy and ſimilarity. | 


produced 
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produced from the Pole, or in the Axis near the 
South Pole. For the Map or Plane on which the 
Repreſentation is to be made, we may take the 
Plane of the Equator, or one touching at the North 
Pole, if the Eye be e to be in the Axis 
produced from the North Pole. But that we may 
the better expreſs it without Confuſion, let us ſup- 
poſe the Eye at the South Pole, and the Plane of 
the Equator to be the Map or Plane on which the 
Projection is to be made (the Earth being concei- 


ved to be ſmall), and we are to ſuppoſe Rays from 


all Parts of the North Hemiſphere coming to the 
Eye, which will all penetrate the Plane of the E- 
quator; the Points where they penetrate will re- 
preſent the Places they come from; and all the 
Point in the Circles, parallel to the Equator, will 
appear as a Circle, and therefore the Equator will 
be the primitive Circle and Bounds of the Proje- 
ction; and the Pole will be in the Center, the 
Diameters will be the Meridians, and the Paral- 
lels of Latitude will have the ſame Center with 
the Equator, viz. the Pole: and each Place will 
be where it's Meridian cuts it's Parallel of Lati- 
rude. The other Circles or Semicircles will not 


be Circles in the Figure, but Ellipſes; for Ex- 


ample, the Horizon and vertical Circles will be 
of an elliptical Figure, as made by a ſubcontrary 


Section of the Cone (as they who underſtand Conic 


Sections are ſenſible. 
AND to underſtand chis the better we muſt 
conceive a Cone of Rays, whoſe Vertex or Top 


is the Eye, and the Baſe a Circle on the Earth to 


be repreſented z the Sides being the Rays from 
the Eye to the Periphery, and that this Cone 
is cut by a Plane ſeveral ways according to it's 


| Poſition; which will cauſe a Projection of the ſe- 
veral Circles on the Earth. Thus the Ecliptic, 


only whoſe half is repreſented in the northern He- 
miſphere, makes an Ellipſis, or a part of it; yet 
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properly it repreſents not the Ecliptic on the Earth 
which is changed every Day, but only the Ecliptic 
for one Day, or one M ment of a Day; and it's 
Interſection with the Equator may be at any Point: 
yet in all Maps *tis thought moſt commodious to 
be where the firſt Meridian cuts the Equator. 
THUS we have explained the origin and firſt 
Method of thoſe Maps that ſuppole the Eye to be in 
the Axis; and how tis to be done we ſhall now ſhow, 

ON Paper, or a Plane: Let a Point be taken 
for the Pole, (Fig. 39.) and on it as a Center, de- 
{cribe'a Circle great or ſmall, according as. you 
would have the Projection, and that will be the E- 


quator; theſe two are taken at Pleaſure, but the reſt 


muſt be found from theſe. Divide the Equator into 
three hundred and ſixty Parts, and Lines drawn 
from the Center to theſe Parts will he Meri- 
dians; counting that the firſt which goes thro? oo. 
Then the Parallels of Latitude are to be deſcribed. 


Loet the four Quadrants of the Equator be marked 


AB from oo to 9o, and BC from go to 180, and 
CD from 180 to 270, and DA from 270 to oo 
again; and taking one Quadrant, as BC from each 
of whoſe Degrees draw occult Eines to D (and 
mark thoſe that go thro? the 23 degr. 30 min. and 
65 degr. 30 min.) the Line DB is as far from Pas 


the Eye is from the Pole: and thro* P as a Center 


draw Circles thro* every Point of Interſection in 
the Line PC, which will be Parallels of Laticudes 
which may be counted on the Lines AP and 
CP 1, 2, 3, 4 from the Equator to the Pole; and 
you. will ſee the Latitude of each, and mark there- 
on the Tropic of Cancer, and the polar Circle at 
23 degr. 30 min. and 66 degr. 30 min. there need 
only be coloured Lines at every fifth Meridian; the 
reſt being occult, that there may be room for affix- 
I ol oo 500573 Teas” 
AFTER: the Parallels and Meridians are drawn, 


it will be eaſy to mark down the Places from the. 


Lhd * A 


| Tables | 
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Tables of Latitude and Longitude; finding firſt their 
Longitude, and then the Parallel of their Latitude; 
and where theſe two cut one another is the Place. 
IF the Ecliptic is alſo to be drawn, it muſt be 
done before the Names of Places are written; and 
it being an Ellipſis in the Projection, the ſeveral 
Points are to be found throꝰ which it paſſeth; the 
firſt Point is where the firſt Meridian cuts the E- 

quator, viz. at the firſt of Aries, and the other 
Point in the oppoſite Part of the Equator, which 
will be the firſt of Libra; and the intermediate 
Point is where the Meridian thro* ninety Degrees 
cuts the Tropic. Thus we have the three Points 
thro? which a Portion of the Ellipfis paſſes, which 
will be leſs than the half of an Ellipſis, fer the other 
Points, as the firſt of Taurus, Ec. there the Decli- 
nation of theſe Points, and their right Aſcenſions 
from the firſt Meridian muſt be taken from the 
Tables here adjoined. 


Dechnation. Right Aſcenſion. 
j D. | £82 TTY D. M. D. M. ' 
is of Aries and Virgo 5 56 13 48066 for 15th of Virgo 
1 of Taurus and Virgo 11 31027 [152 1ſt of Virgo begins 
is of Taurus and Leo 16 241]42 [137 for 15th of Leo 
1 of Gemini and Leo 20 13 [122 iſt of Leo begins 
15 of Gemini and Cancer 22 al | 106 for 15th of Cancer 


THEN where 13 or 14 Degrees cuts the Paral- 
lel of 5 Degrees, or rather 6 Degrees, that Point 
will be the fifteenth of Aries; and where 27 cuts the 
Parallel of 113, there begins the firſt of Taurus; 
and where 42 cuts the Parallel of 16, there is the fif- 
teenth of Taurus; and where the Meridian 106 cuts 
the Parallel 22 D. 41 M. there begins the fifteenth of 
Cancer; and where the Meridian 122 cuts the Paral- 

lel of 20, there the firſt of Leo begins; and ſo for 
the reſt: theſe Points being joined by a curve Line, 
we ſhall have a Portion of the Ellipſis for the North 
Part of the Ecliptic, whoſe Signs are eaſily marked, 


taking the end of each Sign in the Tables to which 
| „ 


A 
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you have it's Declination and Right Aſcenſion, as 
we marked; 15 Degrees of Taurus; the firſt © 
Cancer, Sc. Thus is the Map finiſhed, that re- 
preſents the northern Hemiſphere. | 
IS plain from the Deſctiption and Conftru- 
ction, that the Method is eaſy and pleaſant; now 
for the Uſe and Advantage thereof. We ſaid there 
is a three-fold end in conſtructing Maps; the firſt 
of them is anſwered becauſe the Latitudeand Longi- 
tude of Places are thus ſhown accurately : it ſhows 
alſo the Zones, or the Diſtance of Places frorm the 
Sun's Way. As for the ſecond, viz. the proportionate 
bigneſs of each Country; that is not fo truly ſhown z 
for the nearer the Places are to the Equator, they are 
-proportionably larger; yet the Difference is but 
ſmall, becauſe of the gfeat Diſtance the Eye is ſup- 
; poſed to be at from them; and that fault is com- 
penſed by marking down the better the Places 
near the Equator, thoſe near the Pole being not 
much inhabited. As for the third end, viz. the Si- 
tuation of Places, and their Diſtance; this cannot 
be known by theſe Maps ; for the Lines on the Maps 
which denote theſe, are otherwiſe than they are on 
the Earth; but to know the Situation of Places with 
reſpect to any other, the Horizon of that Place muſt 
be drawn, as an Ellipſis, thus. Let there be coun- 
ted from the Meridian of the Place ninety Degrees 
both Ways, and the riſing and continuance of the 
Sun above the Horizon may be known from that 
part of the Map which begins and ends at the 
two Points where the Horizon cuts the Equator; 
and the middle Point will be in the other Qua- 
drant of the Meridian; as far from the Equator 
as the Place is from the Pole: which will ſnow the 
North Point. The South Point we ſhall ſhow how 
to find a little below, if more than a Hemiſphere 
be ſhown in the Map, it not being in an Hemif- 
phere only, except the Horizon of the Pole, which 
| | + W 
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is the Equator: Thus then we have three Points 
for the Horizon; the other Points may be found 
eaſier by the Globe, thus: Elevate it for the Lati- 
tude of the Place, and take the Point in each Pa- 
rallel thro* which the firſt Meridian paſſes, and 
bring it to the Horizon, and mark the Degrees 
under the Meridian, and do ſo for each Point 
in the firſt Meridian, and then count the Degrees 
for each Parallel from the Meridian of the Place 
on the Equator both ways; and where the Meri- 
. dian cuts the Parellels anſwering them, you have 
the other Points thro? which the Horizon is to be 
drawn, by which you may judge nearly the Situa- 

tion of other Places from the Place given. 

_ THUS may almoſt the whole Earth be drawn i 
one Map, ifeither Pole, for Inſtance, the South Pole, 
be taken for the Place of the Eye: and the primitive 
Circle incloſing the Map, may be any Parallel; for 
Example, if you take the antarctic Circle, if you 
would repreſent the Superficies between the North 
Pole and it in the Map, it wants only the lengthen- 
ing out of the Meridian Lines in the former Con- 
' ſtruction, and Parallels drawn on the other Side of 
the Equator, and let the Ecliptic be drawn entire, 

and the Horizon if you pleaſe compleated. 
BUT becauſe the Parts, or Degrees, near the 
South Pole will be thus much larger than near the E- 
quator, or in it, which is againſt the Truth of the 
Thing, 'tis better to divide the Map into two; one 
ſhowing the North ; the other the South Hemiſphere. 
THERE are few Maps drawn this way, tho” 
there are commonly two ſmall ones of this kind ad- 
ded to the general right lined Maps, one repreſent- 
ing the Countries about the North, the other about 
the South Pole; which Readers may ſee for the better 
underſtanding what 1s ſaid here: but theſe things 
are better underſtood from ſeeing them done, than 
by Words. N 

The 
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' 


Equator. 

THE preceding Method of deſcribing Geogra- 
phical Maps neither ſhows the Magnitude and Si- 
tuation of Places, nor is it fit to deſcribe an He. 
miſphere, with Poles in it, and fo repreſent all 
Places in one Semicircle of the Meridian; and be- 
ſides, *tis not agreeable to our way of thinking, to 
have the Pole in the Center, which makes it more 
difficult to conceive the Map, and therefore another 
Method was found out; which is indeed more diffi- 
cult than the former, but more fit to repreſent Places: 


The ſecond Method i the Eye bring in the Plane of the 


and it alſo removes the Poles from the Equator. 


TO underſtand this Method we muſt conceive 
the Earth's Surface divided into two Hemiſpheres, 


by an entire Circle of the firſt Meridian, and 


are to be exhibited in two Maps. | 
THE Eye is ſuppoſed in a Place of the Equator, 
ninety Degrees from the firſt Meridian; the Map 
in which it is repreſented is the Plane of the firit 
Meridian; and the Hemiſphere which lies under 
that, in reſpect of the Eye above it, is that which 
we would repreſent on the Plane. In which Pro- 
ject ion the Equator becomes a ſtrait Line, and 


that Meridian ninety Degrees from the firſt, be- 


comes alſo a ſtrait Line; the other Meridians, and 
all the Parallels of Latitude, and the Ecliptic be- 
come Circles, becauſe their Cones are cut by the 
Plane, or Map, in a ſubcontrary Section; the ex- 
plication of which depends on the Doctrine of 
conic Sections; and is underſtood better by Sight 
than by Words. Dr Be | 

THE Deſcription is made thus : Having taken 


in the Map the Point E (Fig: 40). for a Center, 


deſcribe a large or ſmall Circle AB CD, as you 


would have your Map large or ſmall. This repre- 


ſents the firſt Meridian, and it's oppoſite ; the 
7” | Diameter 
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Diameter BD repreſents the Meridian that is 
ninety Degrees from the firſt, and B the one 
Pole, and D the other; and AC perpendicu. 
lar to AD is the Equator; Let each Quadrant 
AB, BC, CD, DA, be divided into ninety De- 
rees. And to tepreſent the Meridians and Pa- 
rallels, or to find the Arches of the Meridians 
and Parallels, this muſt be done. 
1. LET the Equator AC be divided into one 
hundred and eighty Degrees, for it repreſents only 
the half of the Equator, or AE, EC in ninety 
Degrees each: from the Point D draw ſtrait Lines 
to every Degree of the two Quadrants ABC, or 
apply a Ruler to D, and to each Degree in the Se- 
micircle ABC, and it will divide it into ohe hundred 
and eighty Parts, which are Degrees of Longitude, 
to be marked 1, 2, 3, 4, from the firſt Meridian. 
Thro' each Point, and the two Poles Circles are to 
be deſcribed, which will be Meridians ; but how 
a Circle is to be deſcribed thro? the three Points 
BI D, or B2 D, Fc. is to be learnt from Geometry: 
and that is by finding the Centers of each Circle, 
which will be all in the Equator, as the Meridian 
DAB hath E for it's Center. Euclid ſhows a 
Method, in Book 4. Prop. 3. by connecting the 
Lines BI, B, Ec. and biſecting then by pendicu- 
lars which will cut one another in the Eo 
which if need be, muſt be drawn out; but it will 
be eaſier in Practice, to draw Lines from B, thro® 
each Degree of the Sernicircle, ABC to the Equa- 
tor protracted, which will give the Points a, b, c, d, 
e, and ſo 14 will be the Diameter of that Meridian, 
which ſhould paſs thro* 1; and 2 b, of that thro? 2, 
Sc. if then 14, and 2b, Ec. be biſected, we ſhall 
have the Centers of the Merdians to be deſcribed. 
YET the Work will be eaſier, and leſs liable 
to Error, eſpecially in great Maps, by the Canon 
of Tangents; fot thus there ſhall be no need of 
VOL.IL e drawing 
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drawing Lines; for to divide EA, EC, Sc. into 
Degrees we do thus: We divide, or ſuppoſe to be 
divided, EB, by a proper Scale, into ten thouſand 
Parts, and from the Canon we take the Tangent 
of thirty Minutes, ſixty Minutes, and one De- 
gree and a half, Cc. and each of thoſe Tan- 

ents taken from the Scale, we lay down on 

A, EC, EB, ED, and the neareſt Points will 
contain one Degree to be counted as before. Then 
to find the Centers of each Meridian, take any 
Number between BC or E and any Degree, and 
the Double thereof take from ninety, or the Num- 
ber itſelf from it's Complement ; and taking the 
Tangent of the Remainder from the Canon, and ſet 
from E on EC or EA, and it will give the Cen- 
ter of the Meridian to be deſcribed thro' that De- 
gree, and ſo for all other Meridians. Practice will 
make this eaſy. The Foundation of the Work of 
finding the Centers is a Theorem in Trigonometry ; 
viz. The Difference of the Tangents of two Arches that 
conſtitute a Quadrant, is double to the Tangent of the 
Difference of the Arches. 3 . 

T O draw the Parallels; the Meridian DB is to 
be divided the ſame way, into one hundred and 
eighty Degrees, as EA, EC were; viz. by draw- 
ing from C to each Degree of the Periphery 
DAB, occult Lines; tho' the Parts of EA may be 
transferred to EB, the Points or Degrees from E to 
B, that is from the Equator to the Pole, or from E to 
D, the other Pole, are to be counted 1, 2, 3, 4, &c. 

THEN thro? each of theſe Parts, and the cor- 
reſponding Degrees on the Quadrants, are the 
Arches of the Parallels to be drawn on both Sides 
ofthe Equator. And thus we ſhall have the Tropics 
thro' twenty three Degrees thirty Minutes; and the 
polar Circles thro? ſixty ſix Degrees thirty Minutes. 

TO draw the Ecliptic there are two ways; for 
either the Ecliptic is ſuppoſed to cut the Equator 

| | ir 


n 
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in the Center, and then it will be a ſtrait Lines 
and is to be divided the ſame way as the Equator; 
but if it be drawn ſo as that the Point of Interſe- 


dCiion, or the firſt of Aries, ſhall be in the firſt 


Meridian; then it will be the Part of a Circle, of 
which the two Points wilt be A and C, and the 
third the Point where the Meridian of ninety cuts 
the Tropics : and thus *tis commonly drawn, be- 
cauſe thus *tis always in both Hemiſpheres. 
AND to determine the Places in thoſe Maps, 
their Latitudes and Longirudes are to be taken out 
of Tables; and where their Meridian cuts their 


Parallel, this is their Place. | 


BY the like Method the whole Superficies of 


| the Earth may be drawn in one Map, if we take 


not the Planes of a Meridian for the Map ; bur 
another that ſhall. be parallel to it, and very near 
the Eye: and thus the whole Parallels, and the 
Meridian with it's oppoſite may be drawn. But 
yet the Appearance will differ much from the 
Thing itſelf on the Earth ; and therefore is not pra- 
ctiſed by Artificers, who rather draw two Hemiſ- 
pheres in one Map; yet it will be uſeful for Stu- 


dents to exerciſe themſelves in ſuch Things: and it 


will be beſt to place the Eye in the firſt Meridian 
at A; thus BD will be the firſt ; and the Equator 
will not be AC, but a Line parallel to it, thro' a 
Point in ED, which is divided into as many De- 
grees as there are in the Arch cut off. 

A ſecond Advantage is, that it aptly repreſents 


che Hemiſphere between the two Poles. 


A third is that it nearly ſhows the Latitudes and 
Longitudes of each Place; as they are on the Earth. 
THE Diſadvantages are firſt, that the Degrees 
of the Equator are divided unequally; being 
larger the nearer to the firſt Meridian, or it's op- 
polite 3 and therefore the Countries that are equal 


on the Earth will appear here unequal, as in the 
O 


2 preceding 
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preceding Method; but this defect is in part re. 
medied if the Eye be ſuppoſed far from the Earth: 
and the ſame way do the Places about the Poles 
ſeem larger than they ſnould do. 2. The Situation 
of Places is not eaſily found, nor the Diſtance of 
two Places. | | 1 


The third, fourth, and fifth Method for right-lined 


Maps. 


THERE are to be fold univerſal Geographical 
Maps, that have all ſtrait Lines, both for the Pa- 
rallels and Meridians; which is impoſſible by the 
Law of Perſpettive : nor is it poſſible that the Eye 
and the Plane can be ſo ſituated that both the Pa- 
rallels and Meridians will appear as ſtrait Lines. In 


the firſt Method the Meridians were ftrait Lines 


according to Perſpective; and the Parallels are 
Circles: and in the fifth Method following, the Cir- 
cles of Latitude will be ſtrait Lines, and the Me- 


ridians Ellipſes. In other Methods, by the Law 


of Perſpective, both are curve Lines, excepting 
one wherein the Meridians are ſtrait Lines; but the 
Circles of Latitude are Hyperbola's, that is when 


the Eye is placed in the Centre of the Earth, and 


ſeeth the Hemiſphere on both Sides of the firſt 
Meridian, and the Plane thro' which the Eye 
looks, is parallel to the firſt Meridian ; thus the 
Meridians will be ſtrait Lines, and the Circles of 
Latitude Hyperbola's. The Diviſion of the Equa- 
tor and Meridians according to this Method being 


. eaſy, they that delight in a Variety of ſuch things 


may draw fuch a Map, tho' the Hyperbola's will 


not be ſo eaſily drawn as the other Parts; therefore 


we ſhall fay no more of it: they who would try it 
may conſult a Mafter. The right lined Maps then 
are not according to the Laws of Perſpective, but 


rather againſt them: and they are of two Sorts, 


ſome 
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ſome have both the Degrees of Latitude and Lon- 
gitude equal, as they were of old; others now have 
the Degrees of the Equator equal (contrary to the 
Law of Perſpective) but not of the Meridians: for 
the Degrees on them become ſtill bigger the nearer 
either Pole; ſo that the eighth Degree is ten Times 
larger than the firſt at the Equator (and at the Pole 
they are infinite which cannot be expreſſed in any 
Map); whereas the Law of Perſpective admits on- 
ly of a threefold encreaſe there (4). 
IHE right-lined Maps, according to the firſt 
Way are very eaſy; for having taken AB (Fig. 
41.) for the Length of the Map, tis divided into 
one hundred and eighty Degrees, or equal Parts, 
for one Hemiſphere; and thro? each Degree are 
drawn Meridians, ſtrait and perpendicular; and on 
theſe are taken Parts equal to thoſe on the Equa- 
tor; and thro* each Degree of Latitude are drawn 
Parallels to the Equator, or Circles of Latitude; 
and thys may each Place be marked, as before, by 
it's Latitude and Longitude. 
THE ſecond Method agrees with the firſt in 
the equal -Diviſions of the Equator, thro* which 
Perpendiculars are drawn, which will be Circles of 
Longitude ; (Fig. 42.) but for drawing Parallels to 


the Equator, there is another Method : for the Meri- 


dians have the Degrees on them greater, nearer the 
Pole. And this happens becauſe other Maps do not 
ſhow the Diſtance, nor poſition of two Places, both 
which may be had here: for becauſe the Meri- 
dians of each Degree are equidiſtant, or Parallel, 


the Degrees ſhou'd increaſe ſo 


O 3 


(2) The Laws of Perſpective 


do not indeed regard the In- 


creaſes of the Meridians, in this 


kind of Maps, but obſerve a dif- 


ferent Proportion; as the Makers 
of theſe Maps allow. But that 


largely near the Pole; is not 
contrary. to the Laws of Per- 
ſpective; which affords not only 
a triple, but any other degree of 
Increaſe, as appears from the 
Note immediately preceding. 


therefore 
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therefore the Places are thereby removed from the 
firſt Meridian, more than they ought to be; and 
the more the nearer the Pole, in proportion as the 
whole Sine exceeds the Sine of the Complement 
of the Latitude of the Place; for as Radius to 
the Sine - Complement of the Latitude of the Place, 
fo is a Degree on the Equator, or any Number of 
them, to the ſame Number on the Parallel ; and 
therefore they mult be leſs there than on the Equa- 
tor, and the leſs the nearer the Pole: but in right. 
lined Maps they are drawn equal in all the Pa- 
rallels. And as Degrees on the Circles of Lati. 
tude encreaſe more than they ſhould, thoſe of the 
Meridians are made to encreaſe as much; that the 
one may correct the other; for as the quantity of 
one Degree in each Parallel is to a Degree on the 
Equator, ſo is the Sine-Complement of the La- 
titude of that Parallel where the Degree begins to 
the whole Sine: and ſo is a Degree of Latitude 
on the Equator to a Degree of Latitude through 
whoſe beginning the Parallel paſſeth. But more 
accurately thus: by taking the Sine- Complement 


of the Latitude which begins the Degree, and 


adding it to the Sine of the Complement of Lati- 


tude that ends the Degree; and taking the one half 
of both for the firſt Term in the Proportion. 


For Example. 


LEFT the quantity of the firſt Degree of Lati- 


tude be to be determined, the Degree on the E- 
quator being ten Parts; by the firſt Proportion it 


will be equal to that on the Equator, becauſe the 
Degree begins at the Equator ; but by the ſecond 


Proportion I take the Sine-Complement of o De- 
grees (which is the Sine of go) 100000, which I 
add to the Sine-Cornplement of 1 Degree, or the 


Sine of 89 Degrees, which is 99985, and they 


make 
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make 199985, whoſe half is 99992; then as 


992 is to 100000, fo is 10 to redes; for the 
firſt Degree which increaſes ſo little above 1 Degree 
on the Equator, that it cannot be marked on the 
Map; ſo we may count them equal: but they en- 
creaſe ſenſibly as they approach to the Poles. Let 
the 60 Degree be to be marked by the firſt Pro- 
portion, the Sine Complement of 59 is 51503 3 
then as 51503 is to 100000, ſo is 10 to 195 to 


be taken from the ſame Scale where the Degree 


is made ten Parts. By the ſecond Proportion the 
Sine-Complement of 59 is 51503, and the Sine- 
Complement of 60 is 50000, their Sum 50751 
then as 50751 is to 100000, ſo is 10 to 193; 
which is but a little above the former, and not worth 
the Pains to obſerve; and when the bigneſs of the ſe... 
cond Degree is found, 'tis thus to be added to the 
firſt; and the quantity of the third Degree is to be 


added to them. To make the Thing more eaſy, 


we here add a Table of the Magnitude of each De- 


gree; the Degree on the Equator being 100. 


DD [Endof [Endef | 

r Degr. | 
1860 |: 13 | 1312 4.25” 2583; 

2 200 | 14 1414 26 2694 

3 300 1 £5194. 27 2806 

4 4001] 16 1621[ 28 2918 

5 580 17 1725 29 3032 

6 

7 

8 


601 | 18 1830 30 3147 

702 | 19 1936 | 31 3263 
Boe ge., 2042 ] 32 $347 ] 
9 903 21 2150 | 33 3499. 
10 1005 | 22 -2256 | 34 3619 
11 1107 23 2364 | 35 3740: 
12 1029 | 24 2423 | 36 3863 
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End of _— Endo Endof | 
| . IDegr. | Degr. 

3988 | 53 6274 | 69 g6gr 
4114 | 54 6441 | 70 9943 
4241 | 55 6611 | 71 10243 
4371_|_50 6790 |_72 10558 
4502 | 57 6970 | 73 10900 
4636 | 58 7157 | 74 11243 
4772 | 59 7349 | 75 11617 
4909 | 60 7546 | 76 12017 

5053 | 61 7149 77 12445 
5193 | 62 7960 | 78 12908 | 
5338 | 63 8175 | 79 13409. 
5486 | 64 84399 | 80 13960 
49 5637 | 65 8631 | 81 14565 | 
50 5791 | 66 8872 ][ 82 18243 
51 5981 | 67 9023 | 83 16009 
[52 6109] 284 


THE Degrees of Loads being * marked, 
on the Meridian, draw Parallels thro* the end of 
each Degree; and each Place is to be marked 
where it's Circle of Latitude and LOAgIWIE | inter- 
ſect each other. 4 

BUT the Countries near the Pole are ſtretch'd 
too much northwards; and therefore the Places 
between the Pole and the polar Circles ufed to be 
ſet down in two Maps, by the firſt Method and 
Joined to the univerſal Map. 

THE Uſe of ſuch Maps is, (1.) to find the 
Latitude and Longitude of Places, as before. (2.) 
Having, in Fg. 42, the Place R, from which I 
fail, and the Place 8, to which; to find the Point I 
muſt ſteer my Courſe to; I draw a Parallel thro* R, 
which with RS, ſhows the Angle or Point I muſt 


ſteer to. Seamen uſe another way. (3). The Diſtance 
between 
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between two Places may be found, if I take their 
Diſtance with the Compaſſes, and ſet it on the 
Meridian, ſo as the Feet of the Compaſſes may be 
equally diſtant from the Parallel in the middle be- 
tween theſe two Places: but this is not very ac- 


curate. 


The fixth and ſeventh Methods. | 


 PTOLEMY, in the latter Part of the laſt 
Chapter of his firſt Book of Geography, propoſes 
another Method, and ſhows how to repreſent 
thereby the then known Part of the Earth. In 
this Method both the Equator and Circles of 
Latitude are alſo Arches of Circles; and the Me- 
ridians, Arches of an Ellipſis. The Eye is ſuppo- 
ſed to be above the Meridian, which is in the 
middle of the Earth inhabited, and in the middle 
between the greateſt and leaſt Latitude known; 
but becauſe of the trouble of drawing an Ellipſis, 
and becauſe it ſeems to be deſigned by Ptolemy to 
repreſent the Part of the Earth inhabited, *tis not 
uſed by Artificers. And the Method of repreſent- 
ing the Circles of Latitude by ſtrait Lines, but the 
Meridians as halves of Ellipſes, is ſomething like 
this; which Projection is made by ſuppoſing ſtrait 
Lines to fall perpendicularly from every Point of 
one Hemiſphere, on the Plane of the firſt Meri- 
dian Circle; and the Eye at an infinite Diſtance: 
as thoſe ſkilled in Dialling ſay, that all the Rays 
from the Sun, or any Part of it, come ſo near Pa- 
rallels as to be accounted ſuch, and cauſe the ſame 
Shadow as if they were parallel: which is not very 
difficult to conceive. 5 
IF therefore you would repreſent an Hemiſ- 
phere of the Earth after this manner, chuſe a 
Point on the Plane as E, (Fig. 43.) and from that, 
as a Center, deſcribe a Periphery AB CD, the 
. Quadrants 
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rallels chro'ꝰ every Degree of the Quadrants, in which 


ded, and are Degrees of Longitude, thro' which, and 


it will be eaſy to draw them with an Inſtrument 
now common, having their longeſt and ſhort- 
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Quadrants being AB, BC, CD, DA divide each 
into ninety Degrees, beginning from AC to B 
and D, and BAD will be the firſt Meridian, BCD 
it's oppoſite, and the middle one BD will be nine- 
ty Degrees from the firſt BAD. Then draw AC, 
which will be half of the Equator, and draw Pa- 


you will have the Tropics at twenty three De- 
grees thirty Minutes, and the polar Circles at ſixty 
fix Degrees thirty Minutes, The Parts into which 
EB, ED are divided, are Degrees of the Meri- 
dian BD, which are to be marked 1, 2, 3, Ce. 
and the ſame Parts muſt be taken in the Quadrant 
of the Equator EA, and the other EC, and 
marked 1, 2, 3, to 180, beginning at the firſt 
Meridian BAD. And thus the Parts in EA, EC 
will have the Parts into which the Equator is divi- 


the Poles, Meridians are to be drawn as half El- 
lipſes; and becauſe BD is the longeſt Diameter, 
and the ſhorteſt is different in each Ellipſis, and 
w1ll be between E and the Degree of Longitude; 


eſt Diameter. The ſeveral Points in the Ellipſis 
may be found, which may be joined by a good 
Hand; but 'tis better to draw them with a thin 
Piece of Whalebone or Steel. 

HAVING thus drawn the Circles of Latitude, 
and the Meridians, all Places may be laid down 


according to the Points in which their Circles of 


Latitude and their Meridians interſet. In 
which Map the Ecliptic will be either a ſtrait Line, 
or a curve (as was ſhown in the Maps by the ſe- 
cond Method) and may be eafily drawn, 
THESE kind of Maps are as good as the for- 
mer; and have this Advantage, that they repreſent 
= * n 
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plainly the decreaſing of the Circles of Latitude 
towards the Poles. ' N | 

IF the Diviſion 'HG and HK (Fig. 44.) be 
not thro* the Lines drawn, on Account of the 
great Diſtance of the Eye D, it will be eaſy by 
Calculation to find the Parts for every Degree 
thus. WE | : 

AS the Diſtance of the Eye, taken from the 
Center of the Earth, with the Sine of the Comple- 
ment of the Arch of the Equator to be repre- 
ſented, is to the Sine of the ſame Arch; ſo is the 
Diſtance of the Eye from the Map, to the Part of 
the Line HG or AK, which will repreſent ſo 


much of the Equator. 


For Example. Let us ſuppoſe the Eye D to. be 


removed from the Center of the Earth two hun- 


dred of it's Semidiameters, and the Map HK one 
hundred. Then DE will be 200, and DH 100 


of ſuch Parts as EB or EA is 1. Let us firſt find 
the Longitude of GHK, which is to repreſent a 


Semicircle of the Equator at this Diſtance of the 
Eye and Map, it-will be then 7 

As DE is to DH, ſo is EA to HG, or the 
Semidiameter of the Earth; or as 200: 100 : : 1 
to 2; which ſhows that GH or GK is to be half 


of the Length of the Semidiameter of the Earth: 


which indeed is too great, and can be repreſented 
on no Plane. | | k | 
THEREFORE, for the Earth we conceive 


a ſmall Sphere, whoſe Diameter is two Feet; then 


HG or HK will be one Foot, on the former 
Suppoſition. 55 8 „ 

YET if you would know how much the Eye 
muſt be removed from the Earth, that the Semi- 


diameter of the Equator EA may make the Pro- 


jection HG of a given Length, as one Foot (the 


Semidiameter of the Earth being 19598300) it 


may be found by this Proportion; ſuppoſing the 
e | * Diſtance 
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Diſtance of the Map from the Eye HD to be 
100000. As HG is to DH, ſo is EA to DF, i. e. 
1: I00000 : : 19398300: 1959830000000, of 
which 18000 make a Dutch Miſe; which is a great 
Diſtance. 

BU in Practice we do not take the Earth 
itſelf, but it's Type, or a little Sphere, from which 
we need not ſuppoſe the Eye to be ſo far; which 
will make no Error in the Projection. 


The eighth Method; in which any Place may be made 
the Center of tbe Map. 


IF you would have a Map in which the Situa- 
tion of all Places with reſpect to ſome one Place, 
or any other, as alſo their Diſtances to be ſeen and 
found ; there is a Method by which the Superfi- 
cies of the Earth is ſo repreſented that any Place 

may be made the Center of the Map, _and other 
Places lie about it, which Maps pleaſe thoſe that 
erroneouſly think their Country is in the middle 
of the Earth, as the Chineſe do, and the Fews did 
of old. 

TO deſcribe ſuch a Map: Let us chooſe to 
have Amſterdam in the Center; it's Latitude being 
fifty two, and the Eye placed in the Point oppo- 
| ſite to the Zenith, that is the Nadir. The Map 
Fro will be the Plane of the Horizon, or ſome Parallel 
to it, if you would repreſent more than an He- 
miſphere ; which may be better done in this Map. 
LET then E (Fg. 45.) be taken on the Plane 
for Amſterdam, and Loring drawn the Periphery 
for the Horizon, -divide it into four Quadrants, 
and each of thoſe. into ninety Degrees, BD being 
the Meridian of the Place, B the North Point, 
and D the South. The Diameter. AC the Eaſt 
and Weſt Line is the Prime vertical, A the Weſt, 


and C the Eaſt, which. i is ner Degrees from the 
Place. 
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Place. And all the vertical Circles are repreſented 
by ſtrait Lines from the Center E to each Point 
on the Horizon; but 'tis better to omit ſome of 
them: you may put a Pin in the Center, and turn 
a Ruler on it which will ſerve to draw the Ver- 
ticals. 

T HEN divide BD into one hundred and eigh- 
ty Degrees, as before ; drawing from A to each 
Degree in the Semicircle BCD; the Point in 
EB, which is fifty two Degrees on the Are BC, 
is the North Pole; which Mark with the Letter 
P, and the Point ED which repreſents fifty two 
Degrees (counting from C to D) will be the Point 
where the Equator interſects the Meridian of Am- 
ſterdam, mark it with Q, and count from it to P 
the Degrees 1, 2, 3, &c. i 
AND likewiſe from Q to D, and from B to P, 
count 38, 39, 40, &c. Then taking a Point of 
equal Degrees from P, as 99 and 99, or 88 and 
88, Sc. making that Interval a Diameter, draw 
the Circle which will be a Circle of Latitude for 
each Degree; and the Tropics and polar Circles 
with the Equator. 1 

FOR the Meridians; firſt draw a Circle thro? 
A, P, C, which will be a Meridian ninety Degrees 
from that of Amſterdam; the Center of it is M, 
in BD, drawn to the Point N, the South Pole; 
PN being a Diameter, draw thro' M, FH pa- 
rallel to AC, extending it to K and L. And 
divide the Circle PH NF into three hundred and 
ſixty Degrees, and by the help of a Ruler, applied 
to P, and each Degree divide the Line KFH L, 
which will give ſo many Points; thro* which and 
the two Poles the Meridians are to be drawn. 
The Centers of theſe Arches are alſo in the Line 
K L, and are found as by the former Diviſion of 
it; but the Meridians between A and E have their 
Centers between M and L. 

| - HAVING 


- 
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HAVING thus deſcribed Circles of Latitude 
and the Meridians, *tis eaſy to mark down the Places 
on the Earth, whoſe Situation from Amſterdam is 


readily ſeen. And the ſame Diviſion of EB, ſhould 


be on the Ruler, which being laid on E, the 
Place ſhows their Diſtance in Degrees, and in 


what Point they lie. How this Map may be 


made by the Globe, we ſhall ſhow in the fourth 
Method of making particular Maps. DT 


The firſt Method of making particular Geographical 
| 5 A | 


WE. have ſaid enough to the Deſcription of 
univerſal Geographical Maps ; we ſhall next ſhow 


how particular Maps are to be made. Maps are 


made of the great Places, as Europe, Aſia, Africa, 
America, or {mall Places: if the former, the fore- 
going Method for general Maps may be uſed; 
tho* different Methods are to be employed for dif- 
ferent Places. Africa and America having the E- 
quator paſling thro* them, are not eaſily drawn 
by the firſt Method, but properly by the ſecond ; 

the Eye being placed in the Plane of the Equator, 
above the Meridian in the middle between their 
Eaſt and Weſt Bounds. And therefore the Equa- 
tor is a ſtrait Line, and the Parallels, and the Me- 


ricdians will be Arches of Circles; but the firſt and 


ſixth Method are beſt to draw Aſia and Europe: 
and the firſt Method is beſt as we ſaid to draw the 
Frigid Zones at the Poles. 
FIRST of all a ftrait Line is to he drawn for 
the Meridian of the Place over which the Eye is 
ſuppoſed to be; and to be divided into Degrees, 
according to the Method before explained ; which 
will be degrees of Latitude: and they are to be 
marked 1, 2, 3, Sc. Then from the Tables the 
moſt ſoutherly and northerly Places of the Country 
are 
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are to be limited by two Parallels of Latitude 
and theſe are to be cut by perpendicular Meri- 
dians thro* which Parallels of Latitude paſs, alſo 


at right Angles; and fo each Place is marked by 
it's Latitude and Longitude. 


The ſecond Method of drawing particular Maps. 


BUT Artificers uſe another Method in draw. 
ing ſmall, or not very large Maps. Firſt there is 
a Line drawn a. croſs the Page, and at the lower 
end, for the Parallels of the Place moſt ſoutherly ; 
and on it are taken equal Parts according to the 
Degree of Longitude the Country extends to; 
then a Line is raiſed perpendicular on it's middle, 
divided into as many Parts as the Degrees of La- 
titude from the North to the South Part: the big- 
neſs of thoſe Parts is known from the Proportion 
of the Degree in that Parallel they are in hath to 
the Degree on the Equator. And another Line, 
parallel to that at the bottom, is drawn at the 
top, divided into as many equal Parts, as the 
lower Line; and Perpendiculars are drawn from 
the Diviſions below, to thoſe above, ſuppoſing 
the Latitude of that above; and that below, not 
much different, or not much diſtant from the E- 
6 

BUT if the Diſtance from the Equator be 
great, or the two Latitudes much different, the 
Parts above and below muſt not be equal. But they 
muſt be in proportion, as a Degree in the Parallel 
above, is to one in the Parallel below ; which Pro- 
portion may be known by the Table laid down 
in Chap. 4. And thus having the Meridians and 
Parallels, you may ſet down each Place, as before. 


The | 


726 The Comparative Part Scr. VI. 
The third Mei bod of deſcribing particular Maps: 


IN repreſenting Provinces of ſmall Bounds, we 
uſe another Method for the moſt Part, which 
was explained before; for ſhewing the Situation of 
Places, and their Diſtance more accurately. 
THE Method is this: There muſt be found 
by mathematical Inſtruments, the Angle of the 
Poſition of one Place from another; which is to 
be transferred to Paper. For Example; Let there 
be five Places of a Country to be laid down, ac- 
cording to their Situation and Diſtance, which we 
call A, B, C, D, E. (Fig. 46.) And let us chooſe 
one, as A, from which, the reſt, or moſt of 
them, may be ſeen; and with an Inſtrument obſerve 
how they lie from you, or from che Meridian in 
which you are. Then taking, on the Paper, a 
Point as A, deſcribe a Circle on it (which yet 
may be omitted if you have a Protractor) and 
take one Diameter of the Circle for the Meridian 
of A, as HAK; the other perpendicular to it, as 
HAK will ſhow the Eaſt and Welt Point; F be- 
ing the North, and G the South. Suppoſe then 
that A looked from B thirty Degrees between 
South and Eaſt; count ſo many Degrees on GH, 
and draw a Line thro' the thirtieth Degree: this 
ſhows how B lies from A; and thus the Points the 
Places D and E lie in are to be ſet down. Then 
going to one of the other Places, whoſe. Diſtanee 
is known from A, with an Inſtrument obſerve 
the other three Places C, D, E. This being done ; 
Let there be drawn on the Paper a Scale of Miles, 
reat or ſmall, as you would have your Map|; and 
on the Line between B and A, ſet down their Di- 
ſtance known; which will give the Place B; and 
thro? B draw another Meridian, parallel to the for- 


mer; and making a Circle about B, as about A, 
4; draw 
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draw from it Lines ſhowing the Points that C, D, 
and E lie in; and where theſe Lines cur the Lines 
from A, will be the Places of C, D, E. And the 
ſame is to be done, if there had been more Places, 


The fourth Method , by the Globe, 


WE may, with the help of the terreſtrial Globe, 
repreſent Places remote from one another, and 


know their Situations and Diſtances : yea the whole 


Superficies of the Earth may be thus laid down 
ſo that the given Place, or any Place be in the mid- 
dle of the Map, as in the ſixth general Method; fo 
that this Method may be brought in among thoſe 


for general Maps: but *tis better not to extend the 


Map beyond an Hemiſphere. For Example; Let 
it be propoſed to ſet down all the Places about Am- 
ſterdam, in their due Situation and Diſtance. Firſt 


chooſe a Point in the middle, as A, (Fig. 46.) and 


deſcribe a Circle about it; and let FG be the Me- 
ridian Line, and HK the Eaſt and Weſt; divide 
each 3 into ninety Degrees. 

THEN on the Globe bring Amſterdam to the 
Meridian, and elevate the Pole for it's Latitude, 
fix the Quadrant of Altitude at the Zenith, and 
bring it about to every Place you would have 
ſet down; as to the Bounds of Spain, France, &c. 
and obſerve in each the Angle made by the Me- 
ridian, and the Quadrant, i. e. the Angle of Poſi- 
tion, with the Meridian of Amſterdam; and alſo 
the Degrees on the Quadrant between Amſterdam 
and each Place; then draw on your Paper Lines 
from A, according as their bearing is between the 
four Cardinal Places (we ſhall ſhow afterwards how 
the Trouble of drawing Lines may be ſpared) ; 
on theſe Lines are to be ſet down their Diftances 
by the Quadrant from a Scale, large, or ſmall, 

VOL. II. = E AS 
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as you would have your Map; and you will thus 


” 
7 


have the ſeveral Places. | 
BUI if the Map is to be large, and the Places 


at a great Diſtance, the Line may be divided by 
the Laws of Perſpective; by ſuppoſing the Eye at 


the Antipodes of Amſterdam; and for the Map, we 
take the Plane of the Horizon for repreſenting 
an Hemiſphere; hut if a greater or leſſer Part 
of it, then we take a Plane for the Map, that 
ſhall be parallel to that of the Horizon, which is 
to be diſtant from it the farther, as what we would 
lay down is above an Hemiſphere, Draw then in 
another Paper a Circle, whoſe Center.is M, and 
NO a Diameter, and PQ another, perpendicular ; 
divide NQ into ninety Degrees, and take below 
Degrees in proportion to the exceſs of what 
you would repreſent above an Hemiſphere, and 


thro' R draw a Line to MO parallel.to QM, 


and from O draw Lines to each Degree of the 
Quadrant NQ or NQR, if a greater Portion 
then NQ; which will divide Mor SR, into 

Parts which will be Degrees: then chooſe a Line 
of ſuch a Length as we would have to repreſent 
the furtheſt Diſtance from Amſterdam, which will 
be about half the Breadth of the Map; that Line 
is to be divided as MQ or SR, and mark the 
Parts 1, 2, 3, 4, c. from that, as a Scale, take 
the ſeveral Diſtances, and ſet them on the Lines 
that go to the Places; and you have the Map fi- 
niſhed. Bur the Lines need not be drawn to the 


Places; if you have a Scale, or Ruler, divided 


as MQ or SR; apply one end to A, and the 
Scale on the Ruler being brought to Points that 
ſhow the bearing of the Places, you may ſet off 
their Diſtance, counting from A, on the Ruler. 


, The 
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The fifth Method ; for Sea-Charts. 


SE A-Charts are ſtrait lined, and have the Me- 
ridians all parallel; otherwiſe than was ſhown in 
the laſt Part of the ſecond Method. 

THEY are two- fold; the Degrees on the Me- 
ridians being either equal or not: they are made 
the ſame way as in the fourth and fifth Method of 
general Maps, only they repreſent but little, and 
have more Sea - Compaſſes on them for finding the 
Bearings. We ſhall ſhow their uſe hereafter, for 
failing. The Degrees on the Meridians are equal 
when a ſmall Part only is exhibited; as the Medi- 
terranean: and if the Latitude be great, or the 
North and South Parts of the Country far diſtant, 
then they are made unequal. 
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CH A.F. xx. 
1 Of the Diſtance of Places. 


PROPOSITION I. 


Having two Points, or Places, on the Globe, to draw 
from the one to the other an Arc, which ſhall be the 
Part of a great Circie on that Globe. 


YONCEIVE a right Line drawn from the 

one Point to the other; and from both; two 
Lines to the Center; theſe three make a Triangle; 
which if extended, will cut the Superficies of the 
Globe, and the Section will be the Periphery of a 
great Circle; and the Arch between the two Places 
will be what is wanted. Or take with your Compaſſes 
a Quadrant of a great Circle, and fixing one Foot 
at each Place, deſcribe two Arches cutting one a- 
nother; where they interſect will be the Center of 
a great Circle, that will paſs thro* the two Points 
given. 7 N 8 | | 


PROPOSITION H. 


The ſhorteft Diſtance between 400 Places on the Super- 
ficies of the Earth, is only one Line, (excepting the 

Places of the Antipodes) which 1s the Arch of a great 
Circle, intercepted between the two Places. 


THE 
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THE ſhorteſt Diſtance between two Places, is 
a ſtraight Line from the one Point to the other; 
as appears by the Definition of Archimedes; and 
is eaſily deduced from other Definitions: and there- 
fore the ſhorteſt Diſtance between two Places on 
the Surface of the Earth, is a ſtraight Line con- 
ceived to be drawn from the one Place to the other; 
but the Superficies of the Earth, being a convex 
Curve, hence it is that the ſtraight Line, which is 
truly the ſhorteſt Diſtance of the two Places, falls 
within the Cavity of that Superficies ; but we con- 
ſider only thoſe Diſtances which are on the Super- 
ficiesz and therefore we added in the Propoſition 
on the Superficies of the Earth. Among the ſeve- 
ral Ways, the ſhorteſt of all is the Arch of a great 
Circle interpoſed between two Points, drawn as 
we ſhewed in the preceding Propoſition ; and that 
this intercepted Arch is the ſhorteſt of all, appears 
from this geametrical Theorem. the Arches of 
2 . Pheripheries be taken, whoſe Chords or 
| Gubtenſes are the ſame, the Arch of the greater Peri. 
phery, will be leſs than that of the leffer : for all cir- 
cular curve Lines, paſling through two Points, are 
parts of ſmaller Circles, excepting that Arch which 
is part of a greater Circle; and that this Arch is 
leſs than other Curves not circular, (as ſolid Lines, 
or the Helix) of which infinite Number may be 
ſuppoſed drawn on the Superficies of the Earth, is 
fon by others: which Theorem belongs not to 
Geography, but Geometry; which alſo ſhows, that 
only one Arch of a great Circle can be drawn from 
one Place to another. 


( — 
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PROPOSITION III. 
The Diftance of Places change not. 


THE way of travelling from one Place to ano- 
ther may indeed change, but the ſhorteſt Diſtance 
is always the ſame; except the Surface of the Earth 
ſhould break aſunder : but by Places here, we un- 
derſtand immoveable Points. If indeed the Super- 
ficies between two Places riſes higher, the Diſtance 
is greater; ; if i it fall lower, 'tis ſhorter. # 


PROPOSITION IV. 


No Place is diſtant from another, more than two thou- 
ſand ſeven bundred German Miles; ; of which fi ifteen 
male a Degree. 


FOR the Earth's Superficies being ſpherical, | 
there cannot come in between two Points, an Arch 

reater than an hundred and eighty Degrees, which 
is a Semicircle, But an hundred and eighty makes 
two thouſand ſeven hundred 7 Miles ; ; one 
Degreo being fifteen. e 


PROPOSITION V. 


The Diſtance of the Antipodes is two thouſand FO 
' hundred German * or an hundred and wa 


en. N 


bs THE ſhorteſt Diſtance from the Antipodes 
is not one Line, but an infinite Number all equal; 
tho? properly ſpeaking, they cannot be called the 
ſhorceſt Diſtances, but ſuch as there is no ſhorter. 
2. THE circular Diſtances between the Anti- 


— are all Parts of I Circles, and not of 
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leſſer, (as thoſe between Places which are not dia- 
metrically oppoſite) and they are infinite. 

3. A great Circle paſling thro* two Places paſſes 
alſo thro? the Antipodes of thoſe two Places. 
4. THE Diſtances of a Place from two Places 
that are Antipodes to thoſe two Places, make 
one hundred andeighty Degrees; and the Diſtance 
from the one being known, the Diſtance from 
the other is alſo Known. | © 

5. THESE five Propoſitions are ſo plain, that 
any one who conſiders them, will underſtand them, 


PROPOSITION VI, 


A Place on the Surface of the Globe being given, to find 
all thoſe Places that have the ſame Diſtance from it; 
| but the Diſtance muſt not be more than two thouſand 

ſeven hundred German Miles, | 


ELEVATE the Globe for the Latitude of 
the Place, bring it to the Meridian, fix the 
Quadrant of Altitude at the Zenith, count on 
it the Degrees of Diſtance, and mark with Chalk 
where they end; then turn the Index round, and 
the Chalk will go over all thoſe Places that are at 
the given Diſtance : or take with your Compaſſes 
the Degrees of Diſtance from the Equator, and 
fixing one Foot at the given Place, turn the 
other about, over all the ſame Places ſought ; and 
if the Diſtance be greater than ninety Degrees, take 
its Supplement to one hundred and eighty, and fix- 
ing one Foot at the Antipodes of the Place, re- 
volve the other. And if you would uſe the ans 
drant, bring the Antipodes to the Zenith ; and fix- 
ing the Quadrant there, turn it round: and where 
the Supplement of the Diſtance ends, you will have 
the Places ſqught under it in a Circle, 
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PROPOSITION VII. 


thence it is that the Diſtance in Journies is greater | 
_ than the ſhorteſt, or geographical Diſtance. 


1. FROM Woods that lie between, and are 
impaſſable. 2. High Mountains, and deep Val- 
leys. 3. Bogs, Lakes, and in general the (Waters 
we meet with in travelling by Land. 4. In Sea 
Voyages there are Lands that run out into the Sea, 
and Iſlands that hinder a ſtrait Paſſage. 5. A 

peculiar flowing of the Seas, 6. The Winds. 
BUT ſome may aſk, are there not Land Jour- 
nies ſhorter than Geographical, or the ſhorteſt 
Diſtance. To which I anſwer, tho* the Earth's 

Figure is ſpherical, ſo far as can be diſcerned ; 
yet in the firſt Book we ſhowed it was not Geo- 
metrically ſo altogether ; but raiſed and depreſſed | 
pnequally in ſeveral Places: and if there be two 
Places that are diftant from the Earth's Center, 
eight hundred and ſixty Miles, and the Space be- 
tween them depreſſed, then the Land- Journey, 
ceteris paribus, will be ſhorter than the Geogra- 
phical Diſtance; as the Chord is leſſer than the 
Arch, C + ? 

RD PDOS TIA OA SME 


To find the Diſtance of two Places on the Globe, or 
en the Maps made for particular Places. 


BRING one of the Places to the Zenith, and 
fix the Quadrant there, and turn it *till it come to 
the other; then count the Degrees between them, 
and turn them to Miles, or take their Diſtance 
with the Compaſles, and fee how many Degrees it 
makes on the Equator z; but if the Diſtance be 

. greater 
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greater than ninety Degrees, you muſt, as in Prop. 
6. take the Supplement to one hundred and eigh- 
ty, or it's Diſtance from the Antipodes, by bring- 
ing their Place to the Zenith, and applying the 
Quadrant there; and that Diſtance in Degrees, 
taken from one hundred and eighty, gives the 
other Diſtance above ninety Degrees. 

- THIS Diſtance is not exactly found in univerſal 
Maps, but in particular Maps there uſes to be a 
Scale. of Miles added; and taking the Diſtance 
with the Compaſs, and applying it to that Scale 
you have the Miles, or Leagues, contained in it. 
BUT this Method will not hold if it be a 
Map of a large Place; for no Map can be made 
that will ſhow truly all Diſtances: tho* a Map 
may be made ro ſhow the Diſtance of one Place, 
from all other Places, as we ſaw in the Conſtru- 
Ction of Maps. | 


pP PROPOSITION N. 


Having the Latitude and Longitude of two Places to 
510 | find their Diſtance. / 


THE Solution of this by the Globe is eaſy, 
or by an univerſal Planiſphere ; but difficult, tho? 
accurate, by Spherical Trigonometry. 

ON. the Globe thus: Take any Meridian at 
pleaſure ; *tis better to take the Meridian of one 
of the Places if it be drawn, or which is more 
commodious, take the firſt Meridian; and count 
from it on the Equator the Difference of the Lon- 

gitude of the two Places; and where that Number 
ends, muſt be brought under the braſs Meridian, 
and the Latitude of both Places marked on their 
Meridians; and taking the Diſtance of the two 
Marks, with the Compaſſes, apply it to the Equa- 
tor; and you have the Diſtance in Degrees: if it be 
5 | more 
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736 The Comparative Part Sect. VI. 
more than ninety, you muſt die a Thread well 


ſtretched, and apply it. 
BECAUSE a Planiſphere is fitter for uſe, 


1 to Sailors, that have frequent occaſion 
for this 


We ſhall here explain the Method. 


roblem, and love to uſe that e 


THERE are two Caſes in the Problem; ei- 
ther, firſt, the Places have the ſame Longitude, 
or have one hundred and eighty Degrees of Dif- 


ference in Longitude; and then you need only 
turn the Difference of Latitude, or the Degrees 
Miles: and if the 


of Diſtance on the Meridian to 
one Latitude be North, the other South, you muſt 


add their Latitude; which is eaſily done by taking 


the Degrees between the two Places. 

_ BUT if the Places are in different Meridians, 

and out of the Equator you muſt do otherwiſe. 
AND it will firſt be nſeful ro ſhow the Caſes 

in which the Solution varies: and that will make it 

very eaſy ; as will appear by Examples, in which 


Students ſhould exerciſe themſelves. 


1. IF the Places have the ſame Langitude, and 
have Latitudes of the fame Kind ; then the Diffe- 
rence of Latitudes in Degrees may be turned to 


any other Meaſure. 


2. IF they have the ſame Longitude, and their 


Latitudes of different Kinds, the one North, the 


other South; then add the Latitudes, and you 
have the Diſtance in Degrees. 

3. IF the Difference of Longitudes be one hun- 
dred and eighty Degrees, and they have different 
Latitudes, take the Difference of Latitude, and 


ſubſtract it from one hundred and eighty Degrees; 
what remains will be the Diſtance in Degrees. 
4. IF the Difference of Longitude: be one hun- 
rea and eighty Degrees, and they have the ſame 
kind. of Latitude; add the Complement of their 


Latitude, and you have the Diſtance in MT | 
5 
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5. IF both Places are in the Equator, then 
the Difference of Longitude in Degrees is the 
Diſtance. 5 
6. IF both Places have the ſame Latitude, and 
not more than twenty Degrees, and the Diffe- 
rence of Longitude be ſmall, enter with that La- 
titude the Table for the Parallels bigneſs, in Chap, 
4. and take out the Quantity of one Degree in 
that Parallel; then take the Difference of Longi- 
tude, and multiply it by the Miles in one Degree. 
7. IF both Latitude and Longitude differ, or 
if the Latitudes be the ſame, but above twenty 
Degrees; and the Difference of Longitude great; 
which often occurs; we muſt not follow the for- 
mer ſhort Methods, bur be at more Pains; and 
for this chiefly is the Problem propoſed. 
WE have given a Solution by the Globe; and 
by the Planiſphere it may be done thus : Bring the 
Rule of the Planiſphere to the Latitude of the 
Place; then count the Difference of Longitudes in 
the Meridians, beginning at the other Part; and 
where the Meridian, that terminates that Number, 
cuts the Parallel of the other Latitude, place 
there the end of the Index; then apply the Rule 
to the Equator ; and the Number of the Parellels 
between the Pole, and the Index, is the Di- 
ſtance ſought, in Degrees. | 
THERE is another Method, invented by 
Maurolicus, which ſhows the Diſtance in a pleaſant 
Manner, by drawing a Line in a Circle ; from 
which Method, that of ſolving it by Calculation 
J „ 

ON the Center E (Fig. 48.) deſcribe a Circle, 
BE being one Semidiameter ; and let the Arc BA 
be taken equal to the Difference of Longitude 
(if it be greater than one hundred and eighty, take 
it's Complement to three hundred and ſixty) and 
draw AE ; then take AF towards B, equal 0 

FTC •˙²˙¹o¹A medi oro a. - we 
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the Latitude of the Place A, and from B the 
Arc BG, equal to the Latitude of B; and let 
GI, be made perpendicular to BE and FH, from 
F to AF, draw IH, and on I and H raiſe per- 
pendiculars I, L, equal to IG, and HK equal to 
HF (the ſame way if the Latitude be of the ſame 

kind, if not then IL is to be drawn on the one 

Side of IH and HK on the other) then LK will 

be the Chord of the Diſtance ſought ; and with 
the opening of the Compaſſes KL, take BX, and 
you have the Diſtance in Degrees. 

THIS Method is taken from the Solution of 
ſpherical Triangles 3 but the doing of it by draw- 
ing L. ines doth not give the Diſtance exact enough; 
tho? *ris eaſy and pleaſant; and no other Method 
by ſpherical Trigonometry can give it exactly. 
You have the Complements of the two Latitudes, 
and the Angle contained, which is the Difference 
of Longirude, to find the oppolite Side, which is 
the Diſtance ſought ; for which there are ſeveral 
Methods, but the moſt' common, and what hath 
no regard to the variety of Caſes here, is this: 

IF the Latitudes are of one kind, then let 
It . As the Square of the Radius is to the Rect- 
angle of the Sines of the Complement of the La- 
titudes, ſo is the verſed Sine of Difference of Lon- 
gitudes (if greater than one hundred and eighty, 

take their Complement to three hundred and Pact * 
to a certain fourth Number; then take the Dif. 
rence of the Latitudes, 'and the Sine of it's Com- 
pliment ; then the fourth Number, found before, 
compared with this Sine; and if they be equal, 
then the Diſtance is ninety Degrees; if leſs, ſub- 
ſtract it, and the Remainder will be the Sine of 
an Arc, whoſe Complement is the Diſtance of the 
Places; but if greater than the ſaid Sine, ſubſtract 
the one from the other, and the Remainder will 


be the 1 of an Arc, WR being added to 
ninety 
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ninety Degrees, gives the Diſtance ſought in 


Degrees. 
2. IF the Latitudes be of different kinds, then 


take the Place of one of the Antipodes for the other 
Place, and find their Diſtances by the former Me- 
thod; for the Latitude thereof will be the fame, as 
the other; and there will ariſe a ſpherical Triangle, 
and two Sides given; and the Angle included will 
be the Complement of the Difference of Longi- 

tude to one hundred and eighty Degrees: and 
having found the Diſtance between the one Place, 
and the Antipodes of the other; you have the 
Diſtance of the Places themſelves for it's Com- 
plement of the former to one hundred and eighty, 
as was ſaid in the preceding Propoſition. 


IN Places that are nearer the Equator than 


nineteen Degrees, we may uſe another eaſy Me- 
thod; which tho' not demonſtrative, yet will give 
the Diſtance pretty nearly. We take the Square of 


the Difference of Longitude, and the Square of the 
Difference of Latitude; and their Sum is the Square 


of the Diſtance nearly. 
OR better thus, which will ſerve or great La- 


titudes; find, by the Table before, the Miles in 
the Parallel of the greateſt Latitude; then as the 
Miles in a Degree on the Equator are to the Miles 
in a Degree in that Parallel; ſo is the Difference 
of Longitude in Miles to a fourth Number; the 
Square of which added to the Square of the Diffe- 
rence of Latitude in Miles, gives the 3 of the 
Diſtance. 

THE Solution will be the eaſier if we uſe the 
Logarithms, and reſolve the oblique Triangle 
into two right-angled Triangles; for then there 

will be no need of Multiplication and Diviſion. 
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FROPUSITION -As 


Having the Difference of Longitude of two Places; 
and the Point on which one lies from the ö to 


find their Diſtance. 


THIS is no other than having two Sides of a 
ſpherical Triangle, and the Angle oppoſite to one 
Side, to find the third Side; or having the Com- 
plements of two Latitudes, and the Angle of Po- 
ſition, or it's Complement, to one hundred and 
eighty, to find the third Side. | 
THE Solution of the Problem by the Globe 
is thus: Suppoſe the firſt Meridian to fo the Me- 
ridian of the Place, and mark the Latitude for 
that Place; then elevate the Globe for the Lati- 


tude of the other Place, and fix the Quadrant to 


the Zenith, and turn it 'till it come to the Paint 
given on the Horizon; then turn the Globe ' till 
the Place whoſe Latitude was marked come to the 
Quadrant; then the Arc of the 5 pd between 
the Zenith and that Point is the Diſtance ſought: 
at the ſame time you have the Difference of Lon- 
gitude on the Equator, or the Arc between the 
firſt, and the braſs Meridian. 

HOW this is to be done by the Planiſphere, 
and by Calculation, with, or without, the Loga- 
rithms, I leave to a Maſter ; 3 leſt I ſhould ſay a 
great deal that would be of little uſe to many. 


PROPOSITION XI. 


Having the Longitude of two Places, and the Lati- 


tude of one, and the Point in which the other. Place 
lies in from it, to find the Diftance. 


WE have here again a ſpherical Triangle whoſe 
| Sides are the Complements of the two — 
an 
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and the. Diſtance of the Places in which we 
have one Side, the Complement of the Latitude 
of the one, and two Angles; the one is the Dif- 
ference of Longitude; and the other the Point 
made by the Meridian and the Diſtance, to 
find the Diſtance. The Solution by the Globe 
and the Planiſphere is eaſy, and by Logarithmi- 
cal Calculation accurate enough; and even by 
common Calculation : we ſhall only uſe the way 
by the Globe for the Reaſon before mentioned; 
tho* by the Planiſphere *tis eaſter ; but chat by 
the Globe gives the Triangle itſelf. 

SUPPOSE che firſt Meridian to be that of 
the Place whoſe Latitude is not given; count 
the Difference of Longitude on the Equator, and 
mark the ending with Chalk, and bring it to the 
Meridian which will be the Meridian of the o- 
ther Place; count on it the given Latitude; and 
elevate the Pole for that Latitude; the Globe be- 


ing fixed, bring the Quadrant to the Zenith, and 


turn it "ill it come to the Point on the Horizon; 
the Place where the Quadrant cuts the firſt Me- 
ridian will be the one Place, and the Arc be- 
tween the Zenith; and that Point is the Diſtance 


ſought. And at the ſame time 9 will ſee the 


Latitude of the other Place. 


4 4 


PROPOSITION XII. 


Having the Diſtance of two Places in the ſame Meri- 
dian, and the- Points in which a third lies from the 
other two, to find the Diſtance sf the third from the 
other two. 


WE have here again a ſpherical Triangle, in 


which the three Sides are the three Diſtances of 
the Places, and one Side is given; the Diſtance 
of che two in the fame Meridian, and the two 

adjacent 
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adjacent Angles, and the other two Sides are 
wanted. 

OMITTING the Methods "iy Calculation, 
and by the Planiſphere (tho* more accurate) we 
ſhall give that by the Globe; which exhibits the 
thing to the Eye. 

TAKE the Diſtance of the two Places in the 


braſs Meridian; then elevate the Pole for the La- 


titude of the one, and fix the Quadrant at the Ze- 


nith, and bring it to the Point the third Place lies in, 


and draw a Line along it with Chalk ; then fix the 
Quadrant at the other Place brought to the Zenith, 
and turn it 'till it come to the Point the third 
Place lies in from the ſecond Place; and where 
it cuts the Arc by the Chalk, you have the third 
Place, whoſe Diſtance from the other two is eaſily 

meaſured, | | 


C HAP. 
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ELIE 96 
CHAP. XXXIV. 

Of the Senſible or Viſible Horizon; | 


HE Senſible Horizon is a Periphery on the 
Superficies of the Earth, which terminates 
the Sight all round, or which terminates thar 
Part of the Superficies viſible to the Eye, whilſt 


the Spectator turns himſelf round; or from which 


Rays can come to the Eye. It's Semidiameter is 
an Arch of a great Circle on the Earth, between 
the Foot of the Spectator and the Periphery, 
which is therefore perpendicular to that Periphery. 


PROPOSITION I. 


The Extenſion of the Senſible Horizon is various, ac- 
cording to the Height of the Eye; or as the Semi- 
diameter of the Earth it ſuppoſed 1o be. 


Let MPNF (Fig. 49.) be a great Circle on the 
Earth, T the Center, TP the Semidiameter, PO the 
Altitude of the Eye, and O the Eye; draw from 
O the Tangents ON, OM; and let us conceive 
the Ray NO to be carried round, and to deſcribe 
a Periphery on the Earth; which will be the Sen- 
ſible Horizon, whoſe Semidiameter is PN, PM 
for NO, MO, are the laſt Rays that can come to 
the Eye from the Earth; which we here ſuppoſe 
perfectly round. 5 | 

AND 'tis plain if we take a greater or leſs alti- 
tude PO, then PN will be a greater or leſſer 

VOL. II. . Arc; 


W636 | 


744 The Comparative Part Scr. VI. 
Arc; and if TP be more or fewer Miles, then 
PN will be ſo alſo. | 
THESE two ſeem to be the Cauſes why the 
Antients differ ſo much in their Opinions of the 
bigneſs of this Horizon. Macrobius makes the Se- 
midiameter of it one hundred and eighty Furlongs, 
or twenty two Miles and a half; and Eratoſtbenes 
three hundred and fifty Furlongs, or forty four 
Miles; Albertus Magnus a thouſand Furlongs, or 
one hundred and twenty five Miles; Procius two 
thouſand Furlongs, or two hundred and fifty 
Miles; a great many make it five hundred Fur- 
longs, or ſixty two Miles and a halt: which Di- 
verſity proceeds alſo from the different Lengths of 
Furlongs, as appears from the following Propo- 


£ 


fition, 


PROPOSITION II. : 

Having the Height of the Eye above the Ground, and 
the Semidiameter of the Earth; to find the Semi- 
diameter of ihe Senſible Horizon, 


Let PO (Fig. 49.) be the Man's Stature, O 
the Eye, TP the Semidiameter, ON the Ray 
touching the Earth, which terminates that Horizon ; 
therefore PN is it's Semidiameter, whoſe Length 
is wanted: PO being ſuppoſed five Foot, is added 
to the Semidiameter TP, which makes TO 
19598300 Feet; and in the Triangle NT O we 
have TO and TN, and the Angle T NO ninety 
Degrees; the Angle NTO is found thus, As 
TO to TN, ſo is the whole Sine to the Sine of 
the Angle NOT; whoſe Complement is the 
Angle NTO, or Arc NP, which may be turned 
to Miles. | 


COROK- 
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C OK OLLARY. 


FROM hence we may ſee, that if TP or 
PO be taken of different Lengths, there will 
come out different Degrees in the Arc NP. 


Aan III. 


Having the Height of the Eye on a Tower or Moun- 
tain, to find bow far the Sight extends on the Sea. 


Let PO (Fig. 49.) be the Nn of the Tower, 
and work as before; for here the . of a Man 
is not conſiderable. | 


PROPOSITION on 


25e * Length that the Sight extends ER given 
or the Semidiameter of the Senſible Horizon; to find 
at what Height the Eye is placed. | 


OR, which is the ſame thing, having the 
greateſt Diſtance that the Top of a Mountain can 
de ſeen at, to find the Altitude of the Mountain. 

IN the Triangle N T O (Fig. 49.) there is given 

the Angle at N [ of ninety Degrees; and the Arc 
NP, which is the Meaſure NT O, and the Semi- 
diameter NT, to find TO, from which take TP, 
and you have PO. 
WE may therefore by ſuppoſing a certain 
Meaſure of the Semidiameter of the Earth, find, 
from the Quantity aſſigned, by different Authors, 
to the viſible Horizon, what Height of the Eye 
cach Author aſſumed, 


Q 2 PROPO- 
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PROPOSITION V. 


Having the Height of the E ye, and the Height of a 
Ship's Maſt, 2 a Tower, or In: to Ind 
their Diſtance. 


Let PO (Fig. 49 ) be the Helght of the Eye on 
the Maſt of a Ship, or Tower, Cc. and FS the 
Maſt of another Ship; then SO will be the firſt 
Ray _ comes to the Eye from the Top- Maſt. 
The Diſtance FP is wanted. Firſt from the 
Triangle NT O; having NT, and TO, and the 
Angle TNO, find the Angle NTO, and the 
Triangle NTS; having NT, and TS; and the 
right Angle TN S; find the Angle N TS; thus 
you have the whole Angle OTS, of which the 


| Arc PF i is the Meaſure. 3 
PROPOSITION VI. 


Having the Height of the Eye, and the Difancs at 
which the Ship or Tower is firſt ſeen, 10 _ the 
Altitude of the Tower or Ship. 


IN the Triangle NOT, (Fig. "AD being NT 
and TO, the Arc NP is found, which being taken ' 
from the known Arc PF (the Diſtance being turn- 
ed to Minutes of a Degree) leaves the Arc EN, or 
the Angle NTS. And in the Triangle NTS you 
have NT, and the Angle N ninety Degrees; you 
may find the Hypotenuſe IS, from which take 
TF, and you have the Height of the Tower, 
Ship, Sc. | 
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PROPOSITION vn. 


The Refraftion of Light in the Air increaſes the ap- 
parent Semidiameter of the Senſible Horizon, 


FOR the Refraction differs in different Places, 
the Air being thicker, the nearer the Earth; and 
therefore tho? the Ray come from a Point further 
than N, (Fig. 49.) as from F, it cannot come 
ſtrait to the Eye, yet may be refracted ſo as to 
come in the Line NO, which touches the Earth. 
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"CHAP. XXXV. 


of 1 three Parts of the Art of Nevigations J and firſt 
l of 600 mee . 4 Shu. 


PROPOSITION I. 


7 be Art of Navig ation reaches how a Ship may be 
commodionſly, — ſafely brought from one Place to 
another, thro the Sea, by the Help of the Wind. 


ND becauſe the Situation of one Place with 

another is conſidered in this Part; this Do- 

ctrine is juſtly brought in here in the Comparative, | 
or Relative Part of Geography. . 

AND I think in this- Art (that is ſo noble and 
uſeful to human Society) there are properly three 
Parts; 1. Of the Structure of a Ship; to which 
may be referred the Ships Motion in' the Water. 
2, Of the Burden to be carried in the Ship. 3: The 
governing of the Ship, which is called, in general, 
the Art of Navigation, by way of excellency ; 
and is the chief Part thereof : the other two belong- 
ing principally to Mechanics and Statics z where- 
as the directing of the Ship depends wholly * 
Geography. 


4 ROPOSITION II. 
„ pill a Ship roſe things are to be confi dered. 


. THE 3 of the Wood or Matter that 


will laſt longeſt in the Sea; for which ſee 9 
an 
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and other Authors: and here alſo is to be conſi- 
dered how the Wood is to be prepared, it's Den- 
ſity encreaſed, and the uſeleſs Moiſture taken 
away by Fire; and alſo defended from Corruption 
by covering with Pitch, Ec. which natural Philo- 
ſophy teaches. 

20. THAT ſuch a Figure be given to the 

Ship which is fitteſt for Motion in the Sea, and re- 
quires the leaſt Force to move it. To this belongs 
the different Shapes of the antient and modern 
Ships, wherein ſeveral things worthy to be known 
may be produced from- Antiquity and modern 
Inventions ; and ſeveral things propoſed from Sta- 
tics and Phoronomics, concerning the Motion of 
Bodies of different Figures; eſpecially what the 
divine Archimedes hath left us of the Motion of 
Bodies in Water: but ſeeing few delight in ſuch 
things, and our Deſign 1s only to give a Compen- 
dium of general Geography, I thought fit to omit 
the Explication of theſe things, and to enumerate 
only the Heads and Parts of that Doctrine: which 
I ſhall alſo do in what follows. And if we ſhall un- 
derſtand that theſe things things are acceptable to 
Youth, we ſhall add them in a ſecond Edition, 
fully explained z and other things likewiſe, to the 
preceding Chapters. 

BUT to return, a good Shape is a great 
Matter for moving eaſily and ſwiftly in the Wa- 
ter; and for this chiefly are Ships commended, 
eſpecially in Sea-Fights: and there is a great 
Difference found among Ships in this particular; 
but this depends on * and the Laws of Mo- 
tion. 

3. IN the Structure of a Ship, it's Figure is 
to be ſuch as that it may be eaſily defended againſt 
Storms and Waves, that it may not be overſet; 


but of this more in the ſecond Part, of the Ship's 
Q 4 L 
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Burden. This alſo belongs to Statics, and the 
Motion of Fluids, as Air or Water. | 
4. THE bigneſs of a Ship is to be conſidered ; 
where ſeveral things may be advanced by comparing 
Antiquity with the preſent Time. The Ship Alexan- 
drina, made by the Command of Hiero, King of 
Sicily, and ſent as a Preſent to Ptolemy, King of 
Egypt, Archimedes being the Builder, was thought 
to be twelve thouſand Tun ; and Callixenus writes, 
that Philopator*s Ship was two hundred and eighty 
Cubits long, thirty eight broad, and forty eight 
high. The biggeſt ſhips at preſent are thoſe of the 
Spaniards and Portugueſe, which they call Caracks, 
which carry one thouſand and more Vebes or 
Laſts, as the Germans call them; each being 
twelve Tun. The Dutch Ships do not carry a- 
bove ſeven hundred Laſts (J). 

g. THERE belongs chiefly to the Structure 
of a Ship, the Knowledge of the building of the 
Keel, the Rudder, the Ribbs, the Stern, and 
Fore-part, the Maſts, the Sails, the Cables, the 
Anchors ; of which not only the Matter, Figure, 
and Conſiſtency, but alſo their Bulk and Weight 
is to be conſidered, _ TT 
6. TO this alſo belongs the Knowledge of 
helping the Fractures, or other Faults of a Ship, 
by which too much Water is let in. 
FOR which purpoſe *tis uſual in failing, to 
take a Ship-Carpenter along with them. - 
AND ſo much for the firſt Part of Navigation 
viz, the Art of Ship-building ; which we have but 
briefly touched upon. 7 #3 
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Here ſeems to be ſome | Page Prop. 1. But the largeſt 
confderable Miſtake about the | Ships of Burden in England and 
Burden of Ships; for by Do/ia, | Holland ſeldom exceed fix or 

> or Tuns, the Author expreſly | ſeven hundred Tun. See alſo 
declares that he means twenty | below Prop. 8. | 
hundred Weight. See the next | 
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C HAP. XXXVI. 


of a Ship? s Burden; which is the ſecond Part in 
PRE: 


PROPOSITION I 
The Burden of 4 Ship is expreſſed by Laſts or Tuns. 


Ship's Tun is two thouſand Pound Weight, 
and a Laſt twelve Tun, or twenty four 
thouſand Pound Weight. 


PROPOSITIO N II. 


All Bodies, that are lig bter than Water, appear in 
ſome Meajure above the Water, floating on it; but 
if heavier, they ſink; and if of equal Weight, they 
keep. any Place that is given in it. 


TO this belongs the l of the diffe- 
rent Weights of different Bodies, as Lead, Gold, 
Iron, Wheat, Sand, Oil, Wine, whoſe Weights 
may be e with that of Water. 


COROLLARY. 


FROM this it appears, that the Weight of 
the Ship, and it's Burden muſt be leſs than the 
Weight of as much Water, as is equal to the So- 


lidity or Capacity of the whole Ship. 
PR 0 P O- 
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PROPOSITION Mm. 


The nearer a Ship comes to a cubic Figure, that is of 
equal Length, Breadib, and Thickneſs, it will 
bear the greater. Weight. | 


THE Demonſtration of * is derived from 
the Doctrine of Statics. 


PROPOSITION IV. 


K wo Things are to be regarded in loading of a ; Ship ; j 
I. Not to load her ſo far as that the Burden, with 
the Ships Weight, be equal to, or greates than, 

à Bulk of Water, equal to the Capacity of the 

' Ship, or it's Solidity, tho" it muſt not be much 
leſs, or elſe there 555 be Ballaſt added. 2. The 
Depth of the Waters thro which the Ship is 1 
fail muſt be conf} dered. | 


FOR thot the Weight of the Water will ad- 
mit the Weight of a Ship, and it's Burden when 


it's Weight is leſs than the Water of an equal 


Bulk with the Ship; yet if the Water have a leſs 
Depth than the Quantity of the Ship, under the 
Superficies of the Water, the Ship will touch the 
Ground, and ſtop there. And therefore the Spa- 
niard put a greater Burden on their Ships than the 
Dutch, becauſe their Points and Shores are deeper; 
and ſo bigger 225 can go to Zeeland than ta 
Holland, | 
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PROPOSITION V. 


If a Ship be ſo loaded that it's Weight be ma equal 
to the Weight of the Sea Water, of an equal Bulk 
with the Ship, it will not ſink but when it comes to 
4 River it ill. 


THE Cauſe is, that River Water is lighter 
than Sea Water; if therefore the Weight of a load- 
ed Ship be nearly equal to the fame Bull of Sea 
Water, it will be greater than the ſame Quantity 
of River Water; and therefore the Ship ſinks. 
And thus have many Ships been ſunk, thro' the 
unſkilfulneſs of thoſe that loaded them; and by 


not being unloaded before they come to the Ri- 


ver. What the Burden ſhould be, may be known 


from the Proportion of the Sea Water to — 


52 8 as in Prop. 8. 


PROPOSITION VI. 


220 Body FH in Mater bath the ſame Weight 
as Water of an 45 80 Bulk with. the Part under 
Water. ” 

| JE A. 343 


COROLLARE 


"HAVING. che Quantity of be Ship 1 
| Water, you may find the Weight of the Ship, and 
it's Burden ; for the Weight of the Water is, or may 
eaſily be, known. For Example ; Suppoſe a cubical 
Foot of Water to be ſeventy Pounds, and if the Part 
of the Ship under Water be two thouſand cubical 
Feet, then the Water equal to the Part of the Ship un- 
der Water will be one hundred and forty thouſand 
Pound; and ſo much ſhould the Weight of the 


Ship, and Toy be. 
p | PROPO- 
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PROPOSITION VI. 


If a Body be placed in Waters of different Weights, 
tbe Part immerſed in the lighter Water, hath that 
proportion to the Part immerſed in the heavier, 
that the Weight of the heavier Water bath to that 


of the lighter. 
PROPOSITION VIII. 


A Ship is generally allowed to bear fuch a Burden as is 
equal to the Weight of one half of the ** of Ma- 
ter, ibat the Sbip can contain. > 
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SUPPOSE a Ship contain 500. ooo Tun, 
each being 2000 Pound; that is, if it contain 
too. ooo. ooo Pound, it will bear 250.000 Tun, or 


500. ooo. ooo Pound. And thus we are to under- 


ſtand them, when they * a Ship is of ſuch a 


_ Burden, 


THE Spaniſh Caracks carry twelve hundred 
Laſts; but the largeſt Dutch Eaſt India Ships not 


. above eight hundred. 


PROPOSITION IX. 


The greater the Ships Burden 1 is, the lf the Ships is tofſed 
buy Storms: a Ship of two thouſand Tun can bear a 
Korn that will damage a Ship of wee _—_— ** 


ſeven hundred Tun. 


MORE might be added here af leffening a 

Ship's Burden, and of the different Weight in the 
Stern, Fore-part, or Middle; and of railing a 
Ship that is ſank: but theſe _ Propoſitions 


may ſerve as Elements. 
© CHAP, 


4 
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C H A F. 


Of the third and chief Part of the Art of Navigation, 
which conſiſts in directing and governing a Ship ; and 
the Sub-diviſion of it into four Parts. 


PROPOSITION I. 


This Art conſiſts in governing and directing a Ship to 
ſuch a Point (in whatever Part of the Sea it is) as 
will bring it to the deſigned Port without danger. 


HERE are four Parts therein; 1. Special 
Geography, or the Knowledge of the Space 
between the two Places, and of it's Properties. 
2. The Knowledge of the Points they lie in from 
one another, at any time. 3. The Knowledge of 
the Way thro* which the Ship 1s to be brought ro 
the Place deſigned ; for there are between every 
two Places an infinite Number of Lines. 4. The 
Knowledge of the Situation of each Place come 
to; and how it lies from the Place deſigned. 
THIS is the chief Art of guiding a Ship. 


P R O- 
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U 


PROPOSITION II. 


The Knowledge of the intermediate Space comprehends 
the following Particulars, 


1, A Knowledge of the Situation of Lands, 
and their running out into the Sea; the winding 
of Shores, of Promontories, Mountains, Bays, and 
Sand-Banks; the depth of the Water of Streights, 
Iſlands, and the certain Marks of each Shore, or 

Part of the Sea; and the Aſpect that Lands on 
the Shores have at ſuch and ſuch Places; and the 
depreſſing or riſing of the Shore: which are found 
from ſpecial Geography, and Sea-Charts; but 
moſt eaſily by Practice in failing oft to ſuch 
Places; for which reaſon ſome are fitter to guide 
a Ship to one Place than another. 2 

2, T HE Knowledge of the general and ſpecial 
Winds, and the proper and ſtated Winds in a 
Place, which is chiefly neceſſary in failing in the 
Torrid Zone, and Places near it; for here the ge- 
neral Winds, and in many Places the anniverſa- 
ry Winds, called Monſoons, prevail; and either 

| hinder or forward the Voyage; for the Indian Sea 
is failed with ſuch Winds. We ſpoke largely hereof 
in Chap. 20. and of the ſtated Storms and Signs 
thereof: all which the Maſter of the Ship ſhould 
know; and we gave an Example of the loſs ſuſtain- 
ed for want of Knowledge therein, in the ſame 
Chapter. 5 | | 

3. THE Knowledge of the Points that the Sea 
and Waves are carried to, and carry the Ship with 
them, which differ in many Places, as in Chap. 17. 
eſpecially the Knowledge of the Flowing and Eb- 
bing of the Sea, is requiſite, and the time when 
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it begins to riſe and fall every Day; for without 
this a Ship is in great danger near the Shores and 
Sand-Banks, moſt of which hinder a Ship's Courſe 
at low Water, which they do not at high Water: 
and failing is alſo eaſier, towards Land, at the 
Flowing, and more difficult at Ebbing. We 
touch'd upon the Ebbing and Flowing of the Sea 
in a Prop. of Chap. 17. but in ſome Cafes a more 
accurate Knowledge is requiſite; of which we 
ſhould ſay more here, and explain the Seamens 
Method, did we not conſult brevity. 


CHAP. 
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Seesen 
C H A P. XXXVIIL 
Of the Bearing of Places, or the Points they lie in, 


from one another. 


PROPOSITION 1 


To know in each Place the four Cardinal Points, nd 
"> "FOE inter mediale ones. 


HIS is the moſt neceſſary Problem in the 

whole Art of Navigation, for without it 
there is no directing a Ship; and the want of this 
very thing hinder'd the Antients from ſailing far. 
And herein is the chief Difference between the an- 
tient and modern failing ; for the Antients had no 
certain Method to find the North and South Points 
at any time; and therefore durſt not truſt them- 
ſelves into the wide Ocean; but only coaſted a- 
long the Shores, that they might by ſome Signs 
know where they were. 

THE Antients had two ways which are fervi- 
ceable to the Moderns, for finding the North and 
South (or a meridian Line) from which the other 
Points are eaſily known; 1. By the Stars at Night, 
particularly the Little Bear, and the Star in it's 
Tail, called the Pole-Star ; which was much famed 
with Antiquity, and ſerved to ſhow them the 
North, and thereby all the other Points; for turning 
their Face to it, the Eaſt was on the right, and the 
Welt on the left, and the South behind ; and they 


had a Circle with the Points on it, and bringing 
the 
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the North and South Point, to the meridian Line, 
the other Points were ſeen at once. 

BUI by Day they uſed the Sun riſing or ſetting, 
as we ſhewed in Chap. 28. i 
2. ANOTHER Method they hid was by 
knowing the Situation of the Shores, and of one 
Promontory from another; for when one Point was 


thus known, either from the Maps, or by Obſerva- 


tion and Experience, they could in ſaling find the 
reſt; but then they could not go far from the Shores, 
which directed them as to the Points: for they could 
not at all times uſe the Sun and Stars, for that end. 
3. A third Method they uſed, was by obſerving 
the Points they had run in; for knowing how they 
firſt directed the Ship, and how much they turn- 
ed again, their Courſe from that Point, they 
Knew the other Points. a 
FROM whence the Reaſon appears of theit 
imperfect and dangerous failing; viz. their not 
knowing the Points in the wide Ocean, ſb as to 
tell how to ſteer. „ 
THIS third Method by obſerving the Ship's 
Courſe, is of no uſe when the Ship is turned to 
a great many Points by the raging Sea and 
Waves. "IM 3 | 
' SQ far of their Method of finding the Meri- 
dian Line, which was ſo imperfect, that they durſt 
never truſt themſelves in the vaſt Ocean, and ſo 
never knew America. „ 
WE have now a plain and eaſy Method of 
finding the North and South Points, and all the 
reſt from them, by the help of that wonderful 
Property which, the Load-ſtone, and al! Needles 
of Iron touch'd with it's Poles, or lying long near 
it, or even lying long in the Meridian Line, are 
found to have; which is, that they turn to the 
North and South, if not hindered ; the Load-ſtone 
having two oppoſite Poles, of which the one turns 
VOL. II. — always 


of the Needle; then placing the Needle and Chart, 
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always to the North, the other to the South, and 
the other Parts to the other Points; but the North 
and South Pole of it is only conſidered: and the 
ſame Property it communicates to a Rod of maſſy I- 
ron, or a ſmall Needle, but in a contrary way; for 
the end of the Needle drawn on the North Pole of 
the Load- ſtone, turns to the South; and that end 
which is applied or rubbed on the South Pole of 
the the Load- ſtone, turns to the North, and is 
called the North Pole of the Needle: which won- 
derful Property of the Load-ſtone was unknown 
to the Antients, though, which. is ſtrange, they 
were acquainted with 1t's other Property of draw- 
ing Iron to it. | . 

THUS the North and South Points may be 
eaſily found by hanging the Load-ſtone which is 
carried to Sea with them, by a Thread, that it 
may turn itſelf eaſily to the North and South ; but 
tis better done by applying a Needle to the 
North Pole of the Load-ſtone : for recovering it's 
Virtue, and drilling a Cap in it's middle, and 
laying it on the Top of a ſharp braſs Pin ſo that 
it may move freely, it will, when it reſts, ſhow 
the North and South. | 


PROPOSITION II. 


To make the Sea-Compaſs. 


DIVIDE a Cirele drawn on a Chart into thirty 
two Points, and chuſe one of them for the North, 
mark it with the Flower de Luce, and count the 
other Points from it, which are to be marked on it. 

THEN let the magnetic Needle be fixed under 
the Circle drawn on the Chart, ſo as the middle of 


the Needle may be under the Center, and the North 


Pole on the Chart may be fixed to the North End 


fixed 


> - 
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fixed to it above, on the braſs Pin, that it may 


move freely, it will turn about, *till the Needle lie 
in, or near, the Meridian Line. By the help of this 
Compaſs they can go thro? the vaſt Ocean to the 


moſt remote Parts, being guided by the Direction 
of the Needle. We ſaid near the Meridian Line, 


for it doth not point exactly to it; for which ſee 
Pr . 6. following. 


PROPOSITION III. 
Infinite Points may be drawn on the Compaſs ; Seamen 


count ſixteen in ſmall Voyages, and thirty two in 
greater, but ſixty four in the greateſt. 


OF this we have ſpoke in Chap. 20. whence 


may be had an accurate Explication, The Por- 


 Tugueſe call the Points Rhombs. 


PROPOSITION IV. 


The magnetic Needle (as alſo the Poles of the Load. ſtone 
itſelf) points direct North only in a few Places; but 
in moſt Places declines a little to the Eaſt or Weſt, 
and that unequally; and ſo doth not point due North 
and South. DYE POR MFI OD 


FOR at one of the Iſles of the Azores, or Flan- 
adrian Iſles, call'd el Corvo, there is no Declination 
from. the Meridian, and the Needle lies exactly in 
it; and *tis ſo in ſome others, tho? not all Parts of 
that Meridian. In Places ſituated eaſtward from 
this Iſland to the Promontory of Africa, called 
Cabo das Agulhas (not far from the Cape of Good- 
Hope) the Needle declines eaſtward unequally; ſo 
that to the Iſles of Triſtan de Cunha, and ſeventy 


Degrees further, the Declination encreaſes ſo as to 


be about thirteen Degrees there; and from thence 


R 2 8 it 
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it decreaſes all the way to Places near the Pro- 
montory of das Agulbas, in which there is again 
no Declination. And from that Place towards In- 
dia the Declination begins to the weſtward. The De- 
clination at Hamburgh is nine Degrees, at Amſter- 
dam about five Degrees, tho? formerly it was more. 

OBSERVA TIONS teſtify, that the Declina- 
tion is not always the ſame, but changes in proceſs 
of time. At London in 1580 it was found to be 
eleven Degrees fifteen Minutes ; but in the Year 
1622 it was only ſix Degrees thirteen Minutes; 
and in 1634 it was four Degrees ſix Minutes; Ob- 
ſervations being made, both with old and new 
Needles. At Paris in 1640 it was three Degrees, 
and in 1610 it was eight Degrees: and the ſame is 


obſerved in other Places (e). 
P R O- 


(e) The learned Dr Halley | ven in Bafin's Bay. But it di- 
having made a Collection of the | miniſhes to thoſe that ſail eaſt- 
exacteſt Obſervations he could | ward from this Coaſt. And 
procure, and carefully compared | from theſe two Obſervations tt 
and conſidered them together; | ſeems to follow that there ought 
thence deduces the following | to be an eaſterly Variation, or at 
Concluſions, concerning the | /eaft not a weſterly one, ſomewhere 
Variation of the mugnetical | between Europe and the North 
Needle. See Philo. Tranſact.] Part of America: and this we 
No 148. may conjecture happens about 

1. That in the Year 1683. | the moſt eaſterly oi the Tercera 
the Variation was to the Weſt | Iſlands. 
over all Europe; but more in 3. That on the Coaſt of Bra 
the eaſtern Parts than the weſt- | il there is an eaſterly Variation, 
ern. | which increaſes conſiderably in 
2. That on the Coaſt of A. failing to the ſouthward ; ſo as 
merica, about Virginia, New |-to be twelve Degrees at Cape 
England, and New-found-land, | Frio, and twenty and a halt o- 
the Variation is likewiſe weſter- | ver againſt the Plate River: and 
ly ; and increaſes all the way to | from thence ſailing ſouthweſter- 
thoſe that go northerly E FIX ly to the Strieghts of Magellan, 
the Coaſt; ſo as to amount to | it decreaſes to ſeventeen De- 
above twenty Degrees at Neo- grees; and at the Weſt Entrance 
found land, nearly thirty in | of thoſe Streights it is but four- 
Hudſon's Strieghts, and fifty ſe- | teen. 5 | 5 

| | 4. That 
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PROPOSITION V. 


To find FN Declination of the Needle Soi the North i in 
any Place. 


FIND a Meridian Ling by the Heavens, as we 


ſhou'd by ſeveral ways in Chap, 20. and by that 


4. That to the eaſtward of 
Braſil, properly ſo called, this 
eaſterly Variation decreaſes, ſo 
as to be very ſmall at the Iſlands 
of St Helen, and Ae on; 
and to vaniſh about eighteen 


Degrees of Longitude | Weſt 


from the Cape of Good-Hope, 
where the Needle Points gue 
North and South. 


F. That to the eaſtward of 


the foreſaid Places, a weſtward 
Variation begins; which obtains 
in the whole Indian Ocean; 
and amounts to eighteen De- 
grees under the very Equator ; 
about the Meridian of the north- 
ern Part of Madagaſcar: and 
near the ſame Meridian in thirty 
nine Degrees of South Latitude 
it amounts to twenty ſeven De- 
grees and a half. From thence 
caſterly the Weſt Variation de- 
creaſes gradually, fo as ſcarce to 
exceed eight Degrees at Cape 
a Comorin, and not above three 
upon the Coaſt of Java; but 
about the Molucca Iſlands there 
is no Variation at all. The 
Caſe is likewiſe the ſame, a 


little to the weſtard of Van 


Diemen's Land. 

6. That to the eaſtward of 
che Molucca's and Van Diemer's 
Land, in South Latitude, there 


may 


is found r eaſterly Varia- 


tion, tho' leſs than the former 
both in Extent and Degree: ſor 
at the Iſland of Rotterdam it is 
ſenſibly leſs than upon the Eaſt 
Coaſt of New Guinea. And to 
obſerve the Proportion wherein 
it decreaſes, we may reaſonably 
ſuſpect that it waniſhes about 
twenty Degrees farther to the 
Eaſt, or about two hundred and 
twenty five Degrees Eaſt Lon- 


gitude from London, in twenty 


Degrees South Latitude; and 
that there a n Variation 
begins. 

7. That the Variations ob- 
ſerved at Baldivia, and the 
Weſt Entrance of the Streights 
of Magellan ſhew that the Eaſt 
Variation, explained in the 
third Obſervation, decreaſes a+ 
pace, and cannot reaſonably ex- 


tend many Degrees into the 


South Sea, from the Coaſt of 


Peru and Chili; leaving room 


for a ſmall. weſterly Variation, 
in that Tract of the unknown 
World, betwixt Chili and Nero 


Zeeland, and betwixt Hound” 2 


Iſland and Peru. 

8. That in ſailing North- 
Weſt from St Helen's Iſland by 
Aſcenſton as far as the Equator, 
the Eaſt Variation continues 
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Hudſon's Streights, and the 


ſuppoſes the Globe of the Earth 


the South Pole of the Earth; and 
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may the Declination of the Needle readily appear 
but for Sea-mens uſe the following Propoſition will 


ſhow it more readily, | 


very mall, or as it were con- 
ſtantly the ſame. So that in 
this part of the World, the Tract 
of the Ocean where no Varia- 
tion appears, is not extended in 
the Plane of any Meridian, but 
rather North-Weſt. 

9. That in the Entrance of 


Mouth of the Plate River, tho? 
theſe are nearly under the ſame 
Meridian, yet in the one the 
Needle varies twenty nine De- 
grees and a half to the Welt; 
and twenty and a half to the 
Eaſt in the other. Whence plain- 
ly appears the Impoſſibility of 
accounting for theſe Variations, 
by the Suppoſition of two mag- 
netical Poles, and an Axis incli 
ned to the Axis of the Earth: 
from whence it ſhould follow, 
that under the ſame Meridian 
the Variation ſhould in all Places 
be the ſame way. | 
In order to explain theſe Phe- 
nomena, Dr Halley ſagaciouſly 


to be a great Magnet, having 
four magnetical Poles; two near, 
the North, and as many near 


that the Needle is govern'd by 
each of theſe Poles, whilſt the 
Virtue of the neareſt Pole pre- 
dominates over that of the 
more remote. 

But many Particulars being 
required to determine the Places 
of theſe Poles with exactneſs; 


the Dattor determines them 


P R O- 


thus by conjecture. He places 


the North magnetic Pole near- 


eſt to us, in or near the Meri- 


dian of the Land's End of Eng- 


land; and not above ſeven De- 
grees from the North Pole. By 
this Pole the Variations in all 
Europe, and Tartary, and the 
North Sea are principally go- 
vern'd; tho' it is ſomewhat af- 
fected by that other northern 
magnetic Pole, ſituated in a 
Meridian paſſing thro' the mid- 
dle of California, and about 


fifteen Degrees from the North 


Pole of the World. To this 
the Needle has chiefly re- 
ſpect in all North America, 
and in the two Oceans, on ei- 
ther fide thereof, from the 4- 
Zores weſtward, up to Japan, 
and beyond. 

The two ſouthern egneticel 
Poles are ſomewhat farther di- 
ſtant from the South Pole of the 
World; the one, being about 
ſixteen Degrees from it, is in 
a Meridian twenty Degrees to 
the weſtward of Magellan's 
Streights, or ninety five De- 
grees Weſt from London, This 


commands the Needle in all 


South America, in the Pacific, 
and the greateſt Part of the E- 


thiopic Ocean. 


The fourth Pole ſeems to 
have the greateſt Virtue, and 
largeſt Dominion, being fartheſt | 
diſtant . from the Pole of the 
World, viz. about twenty De- 


Srees; in a Meridian paſling 
thro? 


= < 
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To explain the Method which Seamen uſe for correcting 
their Sea-Compaſs; and to find the Declination of the 


Needle. 


KNOWING the Declination of the Needle 
in the Place where their Compaſs is made, they re- 


thro' New Holland, and the 
Celebes, about one hundred and 
twenty Degrees from London. 
This Pole predominates in the 
South of Africa, in Arabia, and 
the Red-Sea; in Perfia, India, | 
and it's Iſlands, and all over 
the Indian Ocean from the Cape 
of Good-Hope eaſtwards to the 
middle of the great South Sea, 


that divides Aa from America. : 


It remains to be ſhewn how 
the Conclufions ſet down are 
deduced from this Hypotheſis. 
And that the whole may be 
the better underſtood ; either a 
Globe or Map ſhould be uſed, 
whereon the four magnetical 
Poles are to be placed in the 
Situations above deſcribed. 
And firſt, it is plain, that our 
European magnetical North Pole 
being in the Meridian of the 
Land's End of England, all 
Places more eaſterly than that 
will have it on the Weſt Side 
of their Meridian, and conſe- 
quently the Needle reſpecting 
it, with it's northern Point, 
will have a weſterly Variation; 
which will ſtill increaſe in ſail- 
ing eaſtwards up to ſome Meri- 
dian of Ryſja, where it will be 
| teſt; and from thence de- 
vxeaſe again. Thus at Bre/t the 


* 


— 


move 


Variation is but one Degree and 
three Quaters, at London four De- 
grees and a half; but at Dantzick 
ſeven Degrees Weſt. Weſtward 
of the Meridians of the Land's 
End, the Needle ought to have an 
eaſterly Variation; but that b 

approaching the American Nort 

Pole (which lies on the Weſt 


to have a greater Force) it is 
thereby drawn to the weſtward ; 
ſo as to ballance the Direction 
given by the European Pole, 
and make a ſmall Weſt Varia- 
tion in the Meridian of the 
Land's End itſelf. Yet the Do- 
ctor ſuppoſes that about the 
Meridian of the Ifle of Tercera, 
our neareſt Pole may ſo far pre- 
vail as to give the Needle a ſmall 
turn to the Eaft, tho it be but 
a little Space: the Counter - bal · 
| lance of theſe two Poles per- 


tion, in all the eaſtern Parts of 
the Atlantic Ocean, near upon 
the Weſt Coaſts of England, 
and Ireland, France, Spain, and 
Barbary. Ry 

But to the weſtward of the 4. 
Tores, the Power of the Ameri- 
can Pole overcoming that of the 
European, theNeedleis chiefly af- 


feed by that, and turns ſtill more 
R 4 . and 


Side of the Meridian, and ſeems 


mitting no conſiderable Varia- 


| 
' 
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move the Flower de Luce ſo many Degrees from 
the North End of the N eedle eaſtward, if the De- 


and more towards it, and as you 
approach it. Whence it happens 
that on the Coaſt of Virginia, 
New England, New-found-land, 
and in Hudſons Streights, the 
Variation is weſtward ; that it 
decreaſes as you go from thence 
towards Europe; and that it is leſs 
in Vi irginia, and Nez England, 
than in New-found-land, and 
Hudſon's Streights. 

„This weſterly Variation a- 


gain decreaſes as you paſs over 


North America ; and about the 
Meridian of the middle of Ca- 
{ifornia the Needle again points 
due North; and from thence 
weſtward to Yedzo and Japan, 
doubtleſs the Variation is eaſter- 
iy; and half croſs the OR 
Sea not leſs than fifteen . 
grees. And this is propoſed 
as a Trial of the Hypotheſis, 


that the whole may be exami- 


ed thereby. And this Eaſt Va- 
riation is ſuppoſed to extend o- 
ver Japan, Ledro, Eaſt Tarta- 
ry, and Part of China; till it 
meet with the weſterly, which 
is governed by the European 
North Pole. 

The Effect is much the ſame 
towards the South Pole, only 
here the South Point of the 
Needle is attracted. Hence it 
will follow that the Variation 
on the Coaſt of Braſil, at the 
River of Plate, and ſo on to the 
Streights of . ſhould 
be eaſterly ; if we ſuppoſe a Pole 
ſituate about twenty Degrees 
more weſterly than the Streights 
of Magellan. And this eaſterly 


clination 


Variation extends eaſtward over 
the greateſt Part of the Etbio- 
pic Sea, till it is counterpoiſed 
by the Virtue of - the other 
ſouthern Pole; as it is about the 
middle betwixt the Cape of 
Good-Hope, and the Iſles of Tri- 
ſtan d' Acunha. 

From thence eaſtward. the 
Afatic South Pole prevailing, 
and the South Point of the 


Needle being attracted thereby, 


there ariſes a Weſt Variation 
very large, both in Quantity 


and Extent; on account of the 


great Diſtance of this magne- 
tical Pole from the Pole of the 


World. Hence in all the Indian 


Ocean, as far as New Holland, 
and beyond, there is conſtantly 


a Weſt Variation; ſo that un- 
der the Equator itſelf, it a- 
| mounts to eighteen Degrees, 
where it is greateſt, About 


the Meridian of the Iſland Ce- 
lebes, being likewiſe that of this 


; Pole, the weſterly Variation 


ceaſes, and an eaſterly begins, 


which reaches, according to the 


Hypotheſis, to the middle of 
the South Sea, between Nero 
Zeeland, and Chili; leaving 


room for a ſmall Weſt Varia- 


tion, governed by the American 
South Pole, which by the ſixth 
and ſeventh Obſervations, was 
ſhewed to be in the Paci c Ocean. 

Hitherto the Conſideration of 


the Variation has been ſimple; 


whiſt no more than two mag- 
netical Poles were regarded at 


once; but under the Equator, 


and thro! all the Torrid Zone, 


re ſped 
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clination be to the Weſt, and contrariwiſe if to the 


Eaſt. 5 


reſpect muſt be had to all four 
Poles; and their Poſitions muſt 
be well conſidered; other wiſe it 
will not be eaſy to determine 
what the Variations ſhould be: 
the neareſt Pole proving always 
the ſtrongeſt; yet not ſo but that it 
is ſometimes balanced by the uni- 
ted force of two more remote; a 
notable Inſtance whereof we have 
in our eighth Obſervation; where 
we find that in failing from &. 
Helen's, by the Iſland of Aſcen- 
ſion, to the Equator, on a North- 
Weſt Courſe, the Variation is 


very little eaſterly, and in 


that whole Tract unalterable; 
becauſe the South American 
Pole (which lies conſidera- 
bly neareſt to the foreſaid 
Places), requiring a great eaſter- 
ly Variation, is balanced by the 
contrary Attraction of the North 
American and Afiatic Pole; each 
whereof ſingly, is in theſe Parts 
weaker than the American South 


Pole: and upon the North. 


Weſt Courſe the Diſtance from 
this latter is very little varied. 
And as you recede from the 
Afiatic Pole, the Balance is ſtil] 
preſerved by the Acceſs towards 
the North American Pole. And 
little or no regard need here be 
had to the European North 
Pole; it's Meridian being a little 
removed from the Meridians 
of theſe Places; and of itſelf 
requiring the ſame Variations 
that we here find. And after 
the ſame manner we might rea- 
ſon upon the other Variations 
- thro' the Torrid Zone. 


YET 


And thus by a ſimple Hy- 


L 


to be conſidered. 


more than two 


| 


potheſis Dr Halley has, with 
great Ingenuity and Probability, 
ſolved the Phenomena of the 
Variation; tho? there ſtill re- 
mains a great Difficulty or two 
For it 1s 
new and _— to attribute 

oles to a Mag- 
net; whereas this Hypotheſis 
attributes four to the Earth. 
And again, the Variation is 
found different at different 
Times in the ſame Place; which 


can by no means proceed up- 


on the Suppoſition of a fixed 
unvaried Situation of the 
magnetical Poles. The Doctor 
therefore deterred by theſe 


Conſiderations gave over his 


Thoughts upon the Subject for 
ſeveral Years, but at length re- 
newed them; and with an ad- 
yenturous indeed but probable 
Hypotheſis, happily ſolved the 
Difficulties. For, by compa- 
ring together the Obſervations 
made upon the Variation of the 
Variation he ſhewed firſt, that 
whatever theſe Differences ariſe 


from, it muſt move from Eaſt to 


Weſt. (2.) That this Motion is 
not deſultory, but gradual and 
continued ; becauſe the Declina- 
tion of the Needle changes gra- 
dually and regularly. (3.) That 
it muſt needs be ſomething 
great, whoſe Force can produce 
one and the ſame concurrent 
Effect in ſuch very diſtant Re- 
gions of the Earth. (4) That 
as we know of no Fluids that 
have the leaſt magnetical Vir- 
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IE I becauſe the Declination varies according 


to the Place they come 


to, the Chart muſt be 


made ſo as the Flower may turn leſs or more from 


tue, it is not probable /that this | 
Variation ſhould proceed from 


the Motion of any Fluid lodged 


in the Cavities of the Earth. 
(5) That whatever Body it was, 
it could only move circularly 
round the Center of the Earth, 
without changing the Center 
of Gravity of the Terraqueous 
Globe, and thus occaſioning 
great Changes on it's Surface 
ſuch as ſtrange Refluxes of 
the Sea, and Inundations of 
Land, of which there appears 
no Signs in Hiſtory. From all 
which it follows, that a certain 
large ſolid Body, contained 
within, and every way ſeparated | 
from, the Earth (as having it's 
own proper Motion) and being 
included, like a Kernel in it's 
Shell, revolves circulary from 
from Eaſt to Weſt, as the ex- 
terior Earth revolves the con- 
trary way in the diurnal Moti- 
on. Whence it is eaſy to ex- 
plain the Suppoſition of the four 
magnetical Poles above attribu- 
ted to the Earth, by allowing 
two to the nucleus, and two to 
the exterior Earth. And as the 
two former perpetually alter 
their Situation by their circular 
Motion, their Virtue compared 
with the exterior Poles, muſt 
be different at different Times; 
and conſequently the Variation 
of the Needle will perpetually 
change. | 
The Doctor attributes to the 
Nucleus an European North 


— 


Pole, and an Anerican South 
one; on account of the Varia- 
tion of the Variations obſerved 
near theſe Places, as being much 
greater than thoſe found near 
the two other Poles. And he 
conjectures that theſe Poles will 
finiſh their Revolution in about 
ſeven hundred Vears; and after 
that time the ſame Situation 
the Poles obtain again as at pre- 
ſent; and conſequently that the 
Variations will be the ſame a- 
gain over all the Globe. So 
that it requires ſeveral Ages 
before this Theory can be 
thoroughly adjuſted. 

HFle aſſigns this probable Cauſe 
of the circular Revolution of 
the Nucleus; that the diurnal 
Motion being impreſſed from 
without, was not ſo exactly 
communicated to the internal 
Parts, as to give them the ſame 
preciſe Velocity of Rotation as 
the external: Whence the Nu- 
cieus being left behind by the 
exterior Earth, ſeems to move 
ſlowly in a contrary Direction; 
or from Eaſt to Weſt, with re- 
gard to the external Earth, con- 
ſidered as at Reſt in reſpect of 
the other. 

And to remove the Prejudice 
that may ariſe againſt this Hy- 
potheſis, on account of it's No- 
velty and ſtrangeneſs, and to 
anſwer the Objections that may 
be made to it; the Doctor ar- 
gues and defends the whole with 


| great Sagacity and Probability. - 


the 
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the North End of the Needle, which muſt be done 


according as they find the Declination to be. 

I O find which moſt Seamen do thus: They 
find in what Point the Sun riſes, or ſets, and tho? 
in the time between both, they have gone ſome 
way, yet the Declination will not alter much in 
ſo ſmall a Diſtance. 2 

IF the Eaſt and Weſt Line, or any Point found, 
be the ſame with that, the Compaſs ſhows there is 
no Variation; but if it be a Point farther from, or 


nearer to, the North than that which the Compaſs 


ſhows, then there is ſome Variation to the Weſt, 
or Faſt. The Quantity of the Declination is thus 
known: Take the Differences between the North 
Point by the Compaſs, and the Eaſt and Weſt by 
the Sun, and ſubſtract the leſſer from the greater, 
half the | Remainder is the Declination ſought ; 
and ſo far the Flower de Luce is to be removed 
from the North End of the Needle. 

THIS Method hath two Diſadvantages; r. 
The Sun ſeems to riſe when it is-thirty four Mi- 
nutes under the Horizon; which will cauſe ſome 


Error in the Declination : and tho* near the Equa- 


tor *tis but ſmall, yet in Places remote it will ariſe 
to two Degrees. 2. The Sun is often covered 
with Clouds when riſing, and always almoſt in the 
Torrid Zone. 1 5 | BP, 
THEREFORE Seamen ſometimes uſe ano- 
ther Method, that is not ſo liable to Error. Th 
obſerve the Point the Sun is in by the dn 
any time after it's riſing, and then take the Alti- 
tude of the Sun; in the afternoon they obſerve 
when the Sun comes to the ſame Altitude, and ob- 
ſerve the Point the Sun is then in by the Compaſs, 
and taking their Diſtance from the North Point ; 
the Declination is found the ſame way as before. 
THEY ſometimes uſe a fourth Method, They 
that are ſkilled in ſpherical Trigonometry, or 2 
0 uſe 
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uſe an univerſal Planiſphere, by taking onl 
Obſervation of the Stn? 8 Altitude, 9 rinks ke 

ive them the Point the Sun is then truly in; 
which compared with the Point by the SIO 
* che Declination. 


PROPOSITION VII. 


To 15 ſhow the Cauſes of the Needles not pointing duly 
Pla or the way that it Jools point in any 
ace. 1445 


75 THE braſs Pin that the Needle plays on 
grows blunt. 2. The braſs Pin drills a ſmall 


Hole in the Cap. 3. The Chards do not lie level. 


4. Some Wind may get into the Box. 5. Some 
Iron may be too near the Needle. T * things 
are to be en againſt. 


— 


= Won. Hates —;ñßÄ;?ß 
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CHAP. XXXIX. 

Of the Line of a Ship's way. 


HIS is the meſt dent Pare in ia. 


graphy, of which Authors have written ſo 


obſcurely, and a great many ſo falſly, that the Rea- 
ders can only have from them an obſcure Idea 
without underſtanding them. We ſhall endeavour 


to give an Explication as clear and diſtin& as 


poſſible: and the Reader muſt give cloſe Atren- 
tion to it. 


PROPOSITION I. 


7 two Places are ſituated in one Meridian, or lie 
North or South from it, all the Places between 


them will be ſituated the ſame way from them, 


THE Propoſition is manifeſt, if rightly con- 
ceived. By the Places between two Points we 
underſtand all the Places in that Arc of a great 
Circle, which paſſes thro' the two Places. Call the 
firſt Place from which the other lies, the firſt Place; 
and the Place of the other the ſecond Place ; and 
the firft Place is to be conceived, as if it 
lay in the middle of the other Places about it, 
and under the braſs Meridian in the Globe, and 


an infinite Number of vertical Circles drawn from 


it to the Horizon, thro' the other Places, and ſo 
the Angle made, with the Meridian of the firſt, 
is the Angle. wanted ; for that Angle denotes the 


Situation of the ſecond Place from the * 
g chen 
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then we conceive all the Points between two Places 
of the ſame Meridian, *tis plain all their Meridians 
will be the ſame with the vertical drawn thro' all 
their Places; and therefore all the Places between 
them lie the ſame way from the firſt, either North 
or Sou. 2 


PROPOSITION II. 


Tf two Places be taken in the Equator, of which the 
Situation of the one to the other is wanted, the ſe- 
cond will lie from the firſk Eaſt or Weſt ; and the 
ſecond will lie the ſame way from all the Points be- 
tween them. | | 21 


FOR the underſtanding whereof, take a Point 
on the Equator, and let the wooden Horizon re- 
preſent it's Horizon, or the Poles of the Globe 
be brought to the Horizon; then take another 
Place on the Equator, whoſe Situation from the 
firſt is wanted, *tis plain it will lie either Eaſt or 
Weſt; for the Equator is then a vertical Circle, 
which cuts the Meridian at right. Angles. The 
ſame 1s true as to all the intermediate Points, which 
if brought to the braſs Meridian, the wooden Hori- 
zon will be their Horizon, and the Equator a 
Prime vertical to them which cuts the Meridian 
at right Angles; and therefore the ſecond will lie 
the ſame way from all the intermediate Points ei- 
ther eaſtward or weſtward, 7 


PROPOSITION II. 


F the ſecond Place be not ſituated in one and the ſame 
Meridian with the firſt, or both not in the Equa- 
tor; the ſecond Place will not be ſituated from the in- 
termediate Point, on the ſame Point of the Compaſs, 
but in different Points in different Places, 8 1 


— * P * 
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ON this depends the Knowledge of the Line, 
which a Ship deſcribes; and therefore Readers 
ſhould underſtand it well. 

TAKE two ſuch Places on the Globe, as Am- 
ſterdam, from which, and Pernambucca in Braſil, 
to which the Voyage is to be made, bring Amſter- 
dam to the Meridian, and elevate the Globe for 
it's Latitude, and fix the Quadrant of Altitude 
at the Zenith; and turning it about to Pernam- 
bucca it will ſhow, on the Horizon, the Point on 
which it lies from Amſterdam; and the Arc be- 
tween them contains the intermediate Points. Tis 
fo be ſhown that Pernambucca does not lie the 
ſame way from each of theſe Points. = 

AND here 'tis to be remembred, that the 
Angle made by the Meridian of the firſt Place, 
and the Vertical of the other paſling through, 
gives the Point that the ſecond lies on, which is 
meaſured on the Horizon. | 

TO ſolve the Propoſition take any two Points 
between two Places; 'tis better to take ſuch 
two as have Circles of Longitude drawn thro? 
them on the Globe, and becauſe the Quadrant 
paſſes thro* all theſe Places and Pernambucca, it 
will denote the Vertical in which Pernambucca 
lies from them. And thus the Angles which 
that Vertical makes with the Meridian of each 
Place is the Angle of Poſition, and ſhows the 
Points that Pernambucca lies in from each inter- 
mediate Point; but theſe Angles are not all of 
the ſame Degrees, as appears to the Sight, Or 
more plainly if you meaſure them with the Com- 
paſs, or by the help of a Curve that can be a- 
dapted to the Globe; or if the Places be brought 
to the Zenith, and the Pole elevated for their La- 
titudes, and the Quadrant applied to each,- you 
will have the Angle in Degrees on the Horizon. 


COROT- 
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COROLLARY 


THE redctilineal Maps, or Sea-Charts, are 
then very faulty, for there one Place ſeems to be 
on the ſame Point from another with all the in- 
termediate Places, becauſe their Meridians are 
parallel, tho' they meet at the Pole; but Seamen 
do not regard that if they can firſt ſee the Point 
that the Places they ſail to lies in from the Places 
they come from, | 


PROPOSITION IV. 


Tf a Ship be to ſail from one Place to another, that 
does not he in the ſame Meridian, or both in the E- 
quator, ſo as to keep the vertical Circle between the 
two Places, the Ship will then every Minute change 
the Point ſhe ſailed on. 1 | 


— 


THIS is plain from the preceding Propoſi- 
tion: for ſuppoling the Voyage from Amſterdam 
to Pernambucca is to be the ſhorteſt that can be 
drawn on the Globe; then becauſe the Ship is al- 
ways in the Voyage directed to Pernambucca, and 

as before there are ſtill different Points in the diffe- 
rent Meridians; *tis plain the Ship muſt ſteer her 
Courſe on different Points, to come to Pernambuc- 
ca: but it will be otherwiſe if the two Places were 
both in one Meridian, or on the Equator. | 


PROPOSITION V. 


A Ship cannot always ſail on different Points, but 
muſt for ſome time at leaſt ſail on the ſame Point. 
Therefore ſuch Way or Line is to be ſailed in that 
the two neareſt Points may be on the ſame Point, 


ibo that be not the ſhorteſt Courſe. | 


. ꝛ—A — nn ng 


FOR all Motion is performed in ſome Time; nor 
can a Ship change it's Point every Moment, hut 
muſt for ſome Time ſail one way; nor could Seamen 
know the Points to ſteer on, if they were to change 


them ſo often. Therefore that muſt be the moſt 


commodious ſailing, in which the two neareſt Points 
are directed the ſame way; ſo as the Ship may 
be directed ſtill to the Point, and at laſt come to 
the deſigned Port. This then being ſuppoſed, we 
are to enquire what Way is beſt for a Ship to move 
in: and if the two Places are in one Meridian it will 


be a Part of the Meridian; if in the Equator, a 


Part of che Equator; if in a parallel Circle it will 
be a Part of it; but if in any other Circle, it will 
be in another Line, and not in the Circle as we 
Mall ſhow. 1 


PROPOSITION VI. 


If a Ship ſail always due North or South, that is, if 


_ the Places to which, and from which, be in the ſame 


Meridian, the Ship's way will be a Portion of the 


Meridian, 


THIS is proved from the firſt Propoſition of 
this Chapter; for the Place failed to is ſituated the 
ſame way from all the intermediate Points, as was 
there ſaid; but by the preceding Propoſition, ſuch 
a Way is to be choſen, as is moſt commodious, 
whoſe two neareſt Points are ſituated the ſame 
way; and ſeeing an Arc of the Meridian is ſuch 
a Way, this will be the Way the Ship moves in, 
while it goes ſtill North or South. 


VOL. II. 8 ꝓRO- 
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1 
1 


is ſituated to the ſame Eaſt or Weſt Point: nor 
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PROPOSITION VI. 


Tf a Ship ſail Eaſt or Weſk on the Equator, the 
Ship*s Way will be a Portion of the Equator. 


WE ſhowed in the ſecond Propoſition, that if 
two Places on the Equator, to which, and from 
which, a Ship moves, be choſen, the firſt Point 
will lie the ſame Way from all the intermediate 
Points. And becauſe the Ship is continually di- 
rected that way, an Arc of the Equator will be 


the Ship's Way; and becauſe in the fifth Propo- 


fition we ſuppoſed, that ſuch a Way is to be cho- 
ſen for the Ship's Way as is moſt commodious, 
whoſe two adjacent Points lie the ſame way, a Por- 
tion of the Equator will be ſuch a Way, and there- 
fore to be choſen for the Ship's Way, - 


, PROPOSITION VII. 


— 


If a Ship, not in the Equator, move Eaſt or Weſt, 
it will deſcribe not a Part of a great Circle, but 
4 Part of the Parallel in which it is. 


BECAUSE the Ship going from one Meri- 


| Qian to another is ſuppoſed to be directed to the 


ſame Point, it will not move in a vertical Circle, 
but go to another Point in the ſame Parallel in 
another Meridian; for the Points of that Parallel 
are ſuch, that if Tangents be drawn to them, 
they will run Eaſt and Weſt, with reſpect to the 
ſame Points; and becauſe the Ship is ſuppoſed 
to be ſtill directed that way, it will always touch 


the Parallel in ſome Point; or becauſe each two 


neareſt Points in that Parallel, are ſuch that one 


18 
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is there any other Line on the Globe whoſe Points 
are ſuch: and therefore the Ship's Way is the 
Parallel in which it is. | 


PROPOSITION IX. 


If a Ship ſail in the ſame Parallel, the Ship's Way 
coill be a Part of the Parallel, tho" that be not the 
ſhorteſt Way. — - 


Fo that Line is choſen for the Ship's Way 
in which the Ship can come to the deſigned Port; 

being directed ful to the ſame Point; or whoſe 
two neareſt Points lie the ſame Way: but the 
Points in a Parallel Circle are ſuch; therefore a 
Part of it will be the Ship's Way. 


COROLLARY. 


THERE is therefore a thfee- fold Situation 
of Places, from one of which, when we fail to 
the other the Ship's Way is the Periphery of a 
Circlez 1. If both Places are in one Meridian, 
2, If both be in the Equator; or, 3. both in the 
| fame Parallel. In che two former the Ship's Way 

is the ſame with the ſhorteſt Diſtance between 
them; but in the third Situation the Ship's Way 
is not the ſhorteſt Way; for that is the Arc of a 
great Circle between the two Points. In any o- 
ther Situation of Places the Ship's Way cannot 
be Part of a Circle; as we ſhall ſhow in the fol- 
lowing Propoſition, TN 


S 2 P RO PO- 
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PROPOSITION X. 


If a Ship ſail, in any Part of the Ocean, to a Point 
that is not a Cardinal one, and keep ſtill to the 

ſame Point, the Ship's Way is not a Part of a 
Circle, or any Curve returning to itſelf, but a curve 
Line, like a ſpiral, turning infinitely- round the 
Ea, © 85 


LET us ſuppoſe a Ship to ſet ſail from any Place; 
after *tis come to a Point in the next Meridian, *tis 
directed to that Point of the next Meridian which 
is ſituated on the ſame Point from the other Place 
left; and ſo in going into the other Meridians; 
but all theſe Points of thoſe Meridians do not 
make a Circle, but a Curve like a Spiral. This 
will be better underſtood by ſeeing it on the 
Globe than by many Words. „ 


DEFINITION. 


LOXODROMY is a Ship's Way, failing ſtill 
to any one Point that is not one of the Cardinals. 
THIS is the meaning of the Word, but the 
Definition of the Thing itſelf according to it's 
Nature and Properties is not eaſy to be under- 
ſtood; it being neither a ſpiral Line, as ſome 
think, nor depending on any Property of the 
Loadſtone, as others imagine, .becauſe the Ship 
follows the Direction of the Needle; nor compo- 
ſed of the ſmall Parts of many Circles, as Nonnius 
ſays, becauſe the Parallels are made the ſame way 
by the Motion of the Ship, as the Loxodromics ; 
nor is Snellius's Explication of it plain, who ſays, 
That the Loxodromic is a Line on the Superficies of 
the terreſtrial Globe, which Surface a right Line 
touching every where, makes equal Angles, with all 
| the 
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the Meridians drawn thro? theſe Points of Contact, 
for Snellius doth not explain how ſuch a Tangent 
is to be conceived or drawn ; and, properly ſpeak- 
ing, a Loxodromic hath not right Lines touching 
it, being a ſolid Line; whereas Tangents are only 
drawn to curve plain Lines; and infinite Tangents 
may be drawn to each Point in ſolid Lines: and 
beſides, this Definition agrees to other Draughts 
of Lines when ſuch a Tangent, to any Point of a 


meridian and curve Line drawn from the next Me- 
ridian, may be conceived, 


OUR Definition is propoſed thus: A 1 
mic Line is a curve Line ſurrounding the Earth 
by ſeveral Windings, of which any Point lies the ſame 


way from all the reſt in it; or in which if two Points be 


taten, the one lies from the other, and all the inter- 
mediate Points, the ſame Way; or from each Point of 
which, if circular Lines be drawn io all the reſt of 
the Points, theſe Arches will make the ſame Angles 
with the Meridians that paſs thro* each Point, This 


Definition is eſſential. 


PROPOSITION XI. 


if a Ship ſail not on a Meridian, nor in the Equa- 


tor, nor in a parallel Circle, and be directed ſtill in 
that Point in which the deſigned Port hes, from the 
Port left, the Ship will never come to the deſigned 
Port, but be removed more and more from it, 


THIS famous Property, in failing was at firſt 
a Wonder to Sailors, when firſt obſerved in the 
laſt Age, or the Time of Peter Nonnius, a Mathe- 
matician of Portugal; for a certain ſkilfu] Pilot, 


who failing ſome time ſtill eaſtward to a Port 


that lay due Eaſt from him, found that thereby 
he never came to it, deſired that Nonnius would 
give him the Reaſon of ſo ſtrange a thing, which 

- — gave 
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gave the firſt riſe to this Enquiry. And Nonnius 
a little after publiſned two Books about it; and 
afterward ſeveral Mathematicians were at work a. 
bout this curve Line: at laſt Sailors found there 
was a neceſſity of having regard io it, and Tables 
were made for it, of which afterwards. 


PROPOSITION XIL 


1. When a Ship is to ſail in the ſame Meridian, or 
North and South; ſhe muſt be directed if poſ- 
ſible ſtill one Way; that is, the Meridian muſt be 
the Ship's Way. 8 


2, WHEN a Ship is to ſail from one Place 
in the Equator to another in it, that is either Eaſt 
or Weſt, the Ship muſt be directed that Way, 
or the Equator muſt be the Ship's Way. 

3. WHEN a Ship is to fail from one Place 
in a paralle] Circle, to another in it, ſhe muſt 
not be directed to the Point in which the one 
Place lies from the other, elſe ſhe would never 
come to it, but wind about the Earth, as it were, 
in a ſpiral Line, towards the Poles ; but the Pilot is 
to ſteer due Eaft and Weſt; for thus ſhe deſcribes a 
Parallel to the Equator, and ſo will come to her Port, 

4. WHEN a Ship is to fail from one Place 
to another, which are neither in one Meridian, 
nor in the Equator, nor in a parallel Circle, the 
Ship is not to be directed to that Point in which 

the firſt Place lies from the ſecond, for thus 
the Ship would deſcribe a Loxodromic Curve, 
which will not paſs thro* the other Place; but 
the Direction muſt be in that Line, which 
when the Ship goes, ſhe will deſcribe a Loxodro- 
mic, that will paſs thro' the other Place, or into 
that Line which makes an Angle, with the Meri- 
dian, equal to the Inclination of the n 
| OG | whic 
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which paſſes thro theſe two Places. Theſe all fol- 
low from the preceding Propoſition. FF 


PROPOSITION XIIL 


An infinite Number of Loxodromics may be concei- 
ved to come from any Place of the Earth, and 
alſo infimte Verticals; but there are only counted 

. twenty eight round about a Place, viz. ſeven in the 
Quadrant between the Meridian and Parallel of the 
Place; and ſo they divide the Angle into eight equal 

Parts, and each two neareſt are diſtant equally ; 


but the Parallel is called the eighth Loxodromic, 


THEY are called by the ſame Names that the 
Winds or Points are. They that are ſeen on the 
Globes come from the Center of the Sea-Compals 
on it, and alſo from other Points of the Meridian, 
and to turn round the Earth. 

AND for Practice at Sea; the intermediate 
Loxodromics are denominated by their Diſtance 
from the next Loxodromic. For Example; One 
third, or one fourth, more northerly or eaſter- 


ly, &c. 
PROPOSITION XIV, 


The Loxodromic between any two Places is (as to 
Senſe) equal to the Hypotenuſe of a plain right- 
angled Triangle, one Leg being equal to the Dif- 
ference of the Latitude of tho two Places, the o- 
ther equal to the Difference of their Longitude taken 

on @ Parallel, which is in the middle between ihe 
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8 UC H Triangles are called Loxodromies; but 
for accurate Calculation, Places muſt be taken 
very near one another, even within a Minute. 


COROLLARY. 


WE may hence calculate the Loxodromic Line 
from one Place to another; and that with the help 
of the following W 


PROPOSITION XV. 


The Parts of 0 one Loxodromic intercepted between Pa- 
rallels TONS. are __ nu 


— 


IT H EREFORE a great many ſmall Loxodro- 


mic Triangles may be conceived in each Loxodro- 


mic; of which if the Loxodromic of one be calcula- 
ted, the Quantity of the Lorxodromic from one 
Place to another, whoſe Latitude is wy 13 
known alſo. 


PROPOSITION: XVI 


45 aving the Difference of the Latitude and Longitude 
of two. Places, to find the Loxodromic in which 
6 Ship muſt ſail from one: Place to the other; or ba- 
_ wing qu. the Globe two Places, to. find which. way 
a wg = * in S from am one 10 tbe uber. 


4 


WO H 1 8 is te chief problem in Navigs 
tion, Ld which the ee. are ſubſervient. If 
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there be no Difference of Latitude, the Ship's 
Way will not be a Loxodromic, but a Parallel of 
theſe Places; tho? *tis commonly called the eigth 
Loxodromic, becauſe *tis formed the ſame way as the 
reſt, by the Motion of the Ship, which is directed 
Eaſt or Weſt. It therefore their Latitude be che 
fame, they ſay the eighth Loxodromic ſhould be 
taken, and the 0 de ſteered ſtill due Eaſt or Weſt, 

cho* not ſtrait to the deſigned Port, yet by chat 
falſe Direction the Ship will come to it. 

IF there be no Difference of Longitude, there 
will be no Loxodromic, but a Part "of the Me- 
ridian of both Places; and the Ship is to be di. 
rected North or South. 

BUT if the Places differ both in Latitude 5 
Longitude, and you would work by the Globe, 
let the given Latitudes be marked on the braſs Me- 
ridian, and if the Parallel of one Latitude have on 
it the Center of a Sea- Compaſs, from which Loxo- 


dromics are drawn, bring that Center to the Meri- 


dian, under the mark'd Latitude; then turn the 
Globe 'till as many Degrees on the Equator paſs 
thro' the Meridian, as are in the Difference of 
Longitude ; then obſerve in what Loxodromic the 
Point is which is under the other marked Point 
of the Meridian, and that will be the one ſought, 
which will ſhow to what Point the Ship is to be di- 
rected, to come ta the deſigned Place. If there be 


not a Point of a Loxodromic under the Mark, the 


middle muſt be taken between the two next Loxo- 
dromics. 

BUT if there be not the Center of a Compaſs 
in any of the two Parallels, chuſe a Loxodromic 
that ſeems near that which is wanted, which bring 
to one Point mark'd on the Meridian, and turn 
the Globe, as before, *till the Difference of Lon- 
gitude paſs thro? the Meridian; and if a Point of 
the aſſumed Loxodromic be under the other — 

mark” 
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mark*d in the Meridian, you have it at once; if 
not, aſſume another Meridian, and try, as before, 
*ill you find a Point in the Loxodromic under the 
Mark, or near it; and call it by the neareſt Loxo- 
dromic, or by how much *tis beyond, or comes 
Mort of it. | 3 1 
IN the Sea- Charts it is as the Point the one lies 
in from another, tho! in thoſe of equal Degrees of 

Latitude *tis falſe; but of unequal 'tis accurate 
enough. 3 5 5 
SAIL ORS have alſo another Method, eaſy 
enough, by the Solution of right-angled plain 
Triangles; but for this they uſe a Table of meri- 
dional Parts; of which we treated in Chap. 32. 


4 
—_ — 


— 


CHAP, 
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CET EI ERTEATESTES 


G:Hi&A Pi. 


of the chief Problem in Navigation; viz. To find in 


the Maps the Place to which a Ship is come after 
ſome ſailing ; or to find lle Latitude and Longitude 
of that Place. 


PROPOSITION I. 


The Point to which a Ship is to be directed, cannot be 
known, except we firſt know what Place the Ship 
is come o. 


WI. E faid, in the preceding Propoſition, that 
the chief Problem in Navigation is, how 


to find the Point to which a Ship is to be directed ; 

and which *tis plain cannot be known except we 
firſt know the Place from which the Ship is to be 
directed; and therefore the Solution of that Pro- 
blem for finding the Ship's Place is neceſſary : and 
the Problem for finding the Point comes to this. 


PROPOSITION II. 


To fnd the Place to which a Ship is come after ſome 


time of ſailing. 


THE Dutch mark every Day with a Pin the 
Place in the Maps to which the Ship is come; and 
thence they may know which way to ſteer the Ship : 

and for this they uſe a three-fold Method, accord- 
ing 6 to that which they judge is found moſt exactly. 


Having 


— — 
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Having obſerved the Point the Ship ſailed on the 
former Day, and the Way ſhe hath made ſince, 
her preſent Place is thus found in the Maps: 
Take a Square, and apply one Leg to the Place 
from which the Ship came laſt, and the other to 
the Point or Line neareſt it, on which the Ship 
failed, and mark with a Pin, or Pen, the Part of 
the Leg, which is above the Place left. Then 
take, from a Scale of Miles, the Miles run, and 
apply one Foot of the Compaſs to the Place left, 
and let the Scale be moved in the Line that ſhows 
q the Point, 'till the other Foot reach the Point 
1 marked on the Square; the Place in the Map un- 
= der that Point, in that Situation of the Square, is 
| the Ship's Place. [2 os 8 
SEAMEN uſe two pair of Compaſſes with- 
out a Square; but if you would determine the 
Ship's Place more accurately by Calculation; the 
Problem will be this: Having the Latitude and 
Longitude of the Place left, and the Point failed 
on, With the Diſtance failed, to find the Latitude 
and Longitude of the Place come to; by which the 
Ship's Place may be marked more accurately in 
—— ET. : 
2. THE Point the Ship hath failed on, and 
the Latitude fhe is come to, being known; to find 
her Place in the Map. TY | 
LET there be again applied one Leg of the 
Square, to the Point failed on, or one neareſt it, 
and the other laid on the Place come from, and there 
make a Mark with a Pin or Pen; then move the 
Leg applied to the Point failed on, 'till the mark'd 
Point on the other Leg come into the Parallel of 
the obſerved Latitude; and the Point where jt 
cuts it, is the Ship's Place. If there be not a Pa- 
fallel drawn thro? it, take with the Compaſſes the 
550. 50 on the Margin between the next Parallel, 
Pak 


d that Latitude; and at thE ſame Time apply a 
8 | Square 
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Square in the Line of the Points, and ſerting one 
Foot on ſome Place of the Parallel, ſo as it's other 
may reach to the other Point, marked on the Leg, 

ou have the Ship's Place. Or by Calculation the 
Problem is this: Having the Latitude and Lon- 
gitude of the Place left, and the Latitude of 
the Place come to, and the Point ſailed in, to 
find the Longitude which will give the Ship's Place. 
3. KNOWING the Diſtance failed, and the 
Latitude come to, to find the Ship's Place in the 
Map. 

TAKE from the Scale, the Miles ſailed, and 
if a Parallel paſs thro' the Degree of Latitude, 
known by Obſervation ; place one Foot of the 
Compaſſes on the Place known, and the other on 
the Parallel, and you have the Ship's Place: but 
if no Parallel paſs thro' it, apply one Leg of the 

uare to the next Parallel, and on the other 
Leg mark the Degree of Latitude, and move the 
Square *till the other Foot of the Compaſs touch 
the Point marked on the Ruler: the Place of the 
Map under that Point is the Ship's Place. By Calcu- 
lation the Problem is this: Having the Latitude and 
Longitude of one Place, and the Diſtance of it from 
another, and the Latitude of that other; to find 
alſo it's Longitude, which will determine it's Si- 
tuation on the Globe. There is a fourth Method 
alſo by having the Longitude of the Place come 
to, when it's Latitude is wanted; but becauſe that 
ſeldom happens at Sea, we ſhall omit it. They 
that deſire more of this, may read Snellius, Stevinus, 
Metius, and others, who have handled it largely. 


P R O- 
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PROPOSITION III | 


25 find nearly the Point a Ship ſails in, tho the 
73 Signs are fallacious, _ 


IN the Solution of the former Propoſition there 
was ſuppoſed, as known; (1) The Point failed 
on, (2) The Diſtance failed, (3) The Latitude 
of the Place come to: Now we are to ſhow how 
theſe three are found at Sea: for if theſe are not found 
truly, the Ship's Place is not truly determined. 

1. AS to the Point ſailed on, Sailors know it 
by their Sea-Compaſs; for the Ship is ſuppoſed 
to deſcribe the ſame Line that ſhows the Point. 
They ſeldom uſe the Method by the Place of th 
Sun's riſing or ſetting by Calculation. © 
THESE Signs are ſubject to uncertainty; 1. 
If the Declination of the Needle be not known in 
that Place. 2. If there be a Current there, or as 
in many Places in the Torrid Zone, a general and 
conſtant Motion of the Sea, that will carry the 
Ship with it. 3. A Storm will drive the Ship out 
of the Line of Direction. 4. The Ebbing and 
Flowing of the Sea will carry the Ship with it. 5. 
Allowance is to be made for Lee Way, on account 
of the Waves that hinder the Ship's Motion that 
Way ſhe is directed; for all which Reaſons their 
Sea-Compaſs is not to. be relied on, and the Cor- 
rection of theſe is very imperfect, 


PROPOSITION IV. 


To find how many Miles the Ship hath ſailed from 4 
given Place, 


THIS is but gueſſed at; 1. By knowing how far 
a Ship will ſail in ſuch a Time, with ſuch a W. 
C 


Cu Af. 40. of Univerſal Geograpby. 789 
2. If ſhe ſail in the ſame Meridian, or near it, 
the Difference of the Latitude of the Place left and 
come to, turned to Miles, gives the Diſtance 
failed with that Wind, in that Time; and then 
the Ship failing any other Way with that Wind 


makes the ſame Way in that Time. 3. Wich 


more Labour they find it by the Log-line, which is 
a Line faſtned to a Log of Wood, and thrown out 
of the Ship's Stern, the Line being wound about a 
Wheel in the Ship's Cabin, which muſt tura to 
give more Rope while the Ship moves from the 
Log; they obſerve how many mark'd Fathoms of 
the Rope go out of the Ship in half a Minute, which 
will give her Motion in ſixty Minutes, or one hun- 
dred and twenty Minutes and a half; each Mark that 
goes out will be a Mile in an Hour, if the Marks 
or Knots be fifty Foot diſtant. But theſe Methods 
are uncertain ; for, 1. There is a Motion of the Sea 
in ſome Places to one Place, to which, if the Ship 
go, ſhe moves the faſter; if to the contrary, ſlower. 
2, The Ship is carried by other Cauſes to other 
Points, and goes in ſeveral Lines. 3. The Winds 
frequently change. 4. The higher the Ship's Stern 
is, the Line winds off the Wheel the ſlower, and 
her Motion thereby ſeems the leſs. | 


PROPOSITION V. 
To obſerve the Latitude of the Place come fo. 


THEY uſe the Sun by Day, and the Stars 
by Night, as in Chap. 23. They uſe three Sorts 
of Inſtruments for this Purpoſe, viz. an Aſtrolabe, 
Radius, and Triangle. The Latitude by theſe is 
determined more accurately than the Point ſailed 
in, or the Miles failed ; tho? there is alſo an uncer- 


tainty on account of, firſt, the Ship's Motion, 


which hinders Obſervation ; ſecondly, not apply- 
| ing 


— — ͤ ͤ—M!ꝛho W . ee * _— — 225 * 
- 


790. The Comparative Part, &c. Sect. VI. 
ing the Eye right to the Inſtrument; and, Mun, 
the Refraction is not conſidered. 


PROPOSITION VI. 


From what precedes it appears, that the Methods which 
Sailors uſe to find the Ship*s Place are in the Chart un- 
certain, on account of the uncertainty as to the Point 
ſailed in, and of the Miles run, and of . the obſerved 
Latitude; yet the Obſervation of the Latitude of the 
Place come to, is leſs liable to Error, eſpecially in 
calm Weather, and a clear Sky, and may be cor- 


_ refed. 


BUT from this alone we cannot find the Ship's 3 
Place, but, as was at large delivered, in Chap. 30. 
there muſt be another Datum, viz. either the Di- 
ſtance from the Place left, or Point ſailed in, or 
the Difference of the Longitude left, and come 
to; and therefore the Longitude of the Place 
come to, which, with the Latitude, is again want- 
ed, determines the Ship's Place. 

HENCE it appears, that the Art of Naviga- 
tion is to be perfected by the Solution of this Bo. | 
blem; To find, at any Time, the Longitude of a 
Place at Sea. A public Reward is promiſed for the 
2 e 3 let him OOO: it who is able. 
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the Lake Aſphaltites 372 


Meaſures, their different kinds 


22 — 26 
Mecon, it's annual Inundation 
337 
Medina | 192 
Mediterranean, it's different 
Names 165, 166 
Menam, it's annual Inundation 
a 337 
Menſuration of Diſtances 730, 
7: 

Meridian what 


0 the fit, what 


* 


55 


Monte de Soma 


530 
167, 337 
Mile, German, Italian, Roman, 


Perſian, Egyptian, Engliſh, 
Daniſh, Swediſh, Ruſſian, 


Meridian Line, to find 
Mexico, it's Gulph 


Furkiſh, Indian „ 2c 

Rhinland | | 
Miles, which moſt commodious 
: 59 


Mindanao 11 1 


Mines, what 155 
the moſt celebrated for 
Gold and Silver 15 5 
Gn —158 
their Contents 96 
of Salt I58 
Minorca 113 
Molucca Iflands 115 
Monſoons, See Winds flated 
114 — 148 
Moon, what Part darkened in 
her Eclipſe 615 
Moraſſes, what 275, 520 
their kinds 287 
Motion, diurnal 524 
annual 

Mountains, what 
their Height, how 
taken 119 — 124 

their Origin 12 
why Rains fall there 
oftener than in o- 
ther Places 130, 
—137 
whether their Sur- 
face be more capa- 
cious than the 
Plain they ſtand 
on 132 
the moſt celebrated 
for their Height 
139 — 142 

their Differences 142, 
| 143 
the burning kind, or 
Yulcano's 143, 
—1 4 " 


Mountains, 


T4 
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Mountains, the Cauſe of their 


burning 152 

their moſt noted 

Streights 153 

the Mountain where 

the Arkreſted 135 

Riphean 2.1 FS: * 

Mouths of Rivers, what 310 

Mummy, how made 516 
N. 

167 


Nn it's Gulph 


Nature, it's un 

what 87 
Navigation 12 Weſt to Eaſt, 
why eaſier than 


from Eaſt to m | 
. 
the Art 748790 
in three Parts 748 


Needle, Magnetic, what 


61 
It's Variation 762, 25 | 


how found 763 


112 

Neſs Lake 367 
Newfoundland 199 
Newton, Sir Iſaac, | his Explana- 
tion of the Principles of Na-. 


Negropont 


ture 87 
Nicaragua Lake 280 
Niger, the Length of it's 
Cou 348, 349 
forms Tides 100 - 92 
it's annual I | 
. Ni ght, whence colder than Day 
435 
Nile, forms Lakęs 281 
it's Mouths 311 
it's Cataracts 315 
it's annual Inundation 333, 
---336 


Nova Zembla 


110 


| O. | 
BY River, it's Courſe 
349 

Gan, what 162, 16 

it's extent pry 

how formed 44. 

how divided 164, 16 

w named ibid. 


it's Surface ſpherical 178 
why it appears higher at 
2 Diſtance 184--186 
whether every where of 
the lms Depth 188 

— 
wherein contained 198 
---203 
Ethiopic, i it's remarkable 
white Salt ibid, 
why not enlarged by Ri- 
vers 217 
it's different Colours in 
different Parts 218, 
—221 
wh it throws up terre- 
ial Bodies 235 
Peculiarities found there- 
in 221—22 

how it covers Land 
where there was no 
Water before 407, 


1 
why it forkikes "> 
Shores 394397 


Olearius, his Opinion of the 
Height of the Caſpian 303 


Olympus, Mount i * 
Onega Lake 283 
Optics treating the Buſineſs of 

Refraction 3 


Ormus, it's ſalt Mountains 158 
it's Houſes built of 


Salt 208 
Ornithias, what '506 
Ox-Eye, what 514 
Ozero 283 


Pace 
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Ace, Geometrical, what 24 
P Pacific Ocean 164 
alm, what 23 
Paraden 113 
Paraguay River, it's annual In- 


undation | 337 
Parallels, what 523 
Parime Lake 278 


Pehon, Se Petras 
Peninſula's, what 
the moſt noted 116, 


| 117 
Perch, or Pole, what 23 
Periœci, who 621 
Periſcii, who 607 
Peru 292 
Petras 141 
Perſian Gulph 167 
Philippine Iflands 115 
Pike of St George 141 
| Tenerif 9 


13 
Pliny, his Account of the Di- 
ſtance betwixt Athos and 


Lemnos 126 
Po River 310 
Pochnia, it's Salt-Mines 158 


Points of the Compaſs, what 


| ; 761 
Poles, what | 7 
Ponds, what 275 


Pofdonius, his Method of mea- 


ſuring the Earth 60 
Potoſi, it's rich Silver Mines 


| = 156 
Prince William's Iſland 1 ? 3 
Promontories, what 119 
Properties of the Engliſh, 
French, and Rhinland Feet 
L | 2 
Preſter, what 5 x | 
„ 133 


Q. 


(Qua, what 16 


5 = 


> 

) Adius, what 

IX Rain, why 
middle Region of 


(4 
little in the 


the Air 419 

where formed 436 

why freſh' on the O- 

cean 213---216 

Red-Sea 166. 220 
Refraction, differently affected 


by the Air 441 
7 452 

Examples thereof 
from Tycho, r. 

452---457 

Problems relating - 

it 457---460 

of the Sun, &c. what 
438 
it's Nature and Law 

: . / 439 
Rhetian Mountains, See Alps 
Rhine, it's Cataracts 316 
a Branch thereof ſtag- 

nated 312 

Rhodes 113 
Rhone, how fed ---319 
Ridges of Mountains, what 132 


the moſt celebrated 133, 
3 139 
their Origin 138 


Rio de la Plata 320, 336, 351 
Riphean Mountains, what 136 


Rivers, what 289 
navigable, which ibid. 
their Origin 290 


their Springs, whence 
k „ 5 
how augmented 292, 2 
ſome dp ld RR 
398---310 
where exonerated 741. 
| —312 
how diſcharged 3 12, 313 
the Reaſon of their ſtag- 
nating 314 


Rivers, why not ſalt 31 
the annual Diſcharge of 
one River more than the 
Bulk of the Earth 299 
their Chanels why ore 
equal 315 
their Levels and Depths 
31 
why broader in one Part 


than another ibid. 


why ſome run ſwift, o- 
thers flow 317 
why the ſame Rivers run 
more or leſs rapid in 
different Places ibid. 
the moſt famous for Ra- 
pidity ibid. 
whence choaked up ibid. 
318 
why they ſeldom run di- 
rect ibid. 
| why broadeſt at their 


Mouths 320 


the remarkables ones for 
broad Mouths ib. 

often afford Metals 7b. 323 

the remarkable ones for 

; Gold 321 
the Difference of their 
Waters 322 

their Nature how known 


3 

the Cauſe of their — 
undation 337 
how brought from one 
Place to another 347 
thoſe remarkable for their 
Breadth and Length 
of Courſe 348, 351 
their Water why lighter 
than the Sea-Water 


| 351 
why. they ſometimes 
leave their Chanels 
dry 390 — 392 


why they ſometimes run 


in new Chanels 406 
| Ruſſian Gulph _. 
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I round the Earth, by 
whom performed | 

102 


the Art 755 — 790 
St Helena Hland 11 3» 152, 305 


Lawrence River 291, 3 ST 
Mary's Well 388 
Patrick's Purgatory 154 
Thomas's Ifland 113 


Salmon, his Deſcription of the 
overflowing of the Nile 333 
Salt concretes ſolid Bodies 209 
why it diſſolves ſooner in 

hot Water than in cold 
212 

found in in-land Coun- 

tries 299 

how ſeparated from Sea- 
Water 307 

the kinds thereof 307 
Salt-Meat, why falter to the 
Taſte hot than cold 210, 211 
Salt- Water, how rendred pure 
298, 300 

Sand- Banks, what 397 
their Origin 398 

their Danger and 

Miſchief ibid. 

the moſt remarkable 

ones 399 

may become Part If 

the Continent 400 


Sardinia a 111 
Sea, not higher than the Land 
181 

whence it's Saltneſs 204 

— 209 

whether freſh near the bot- 

tom . ibid. JE 

why luminous by Night 
224 

it's Motions 226 — 231 

it's Wan and Swaging 

Sea, 


| --- 239, 257, 258 
Cauſe of the Tides 239, 


=== 245, 250 
it's general Motion from 


Eaſt to Weſt 245, 246 


| 2 
it's Flux and Reflux varies 
With the Seaſons 246 
Pacific, why calm 274 
it's Concuſſion what 273, 

See Cape Briton and 


 Cambaya 
Ses. Charts, how made 729 


Sea-Compals, how made 760 


how corrected 70 5 : 


. how affected = 
Sea-Water heavier in the 
rid Zone than in 
the northern Re- 
gions 202 
has certain Peculiari- 
„ 
Seaſons of the Year, how deter- 
' mined * 575, 606 
how foun 567, e. 
Secant, See Arc 
Seneca, his Deſcription of the 
Nile 32 + 
Senegal River, it's Tides 
Shadows of Bodies, how ca 


different Parts of the 12 


607 

Ship-Building, it's mane 

8---750 

Ships, how to be War 782, 

| 753, 754 

Sicily {BBK 
Sine, See Arc | 

Singhay Lake 


279 
Situation of Places, how ound 


| | 686, 691 
Sloughs, See Bogs 
Snow, _ found 436 


Soane 3 351 
Socotra — 
| Soran Lale 281 


F 48 
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Sea, it's Flux and Reflux 236, 


Sound 117 
Spaws, the Cauſe of their boil- 
ing 381 
Springs, their Origin, Ste Foun- 
tains and Rivers 
— flowing into the Sea 
| 203 
near the Ocean brac- 
kiſh 229 

Stadium, See Furlong 
Stars, afford Arguments for the 
Earths ſpherical Fi- 


Sure 34, 35 


how far they move in 
an Hour 662 
ſome fixed ones bigger 


than the Earth 67 


Storms 514, 515, Ee. 
ſome anniverſary 5 20 
Streights, what 164 


their Cauſe and Ori. 

. _ a 186---188 
ow dried up 39 

the moſt noted 185 


| — 172 
Sumatra _ 
Summer, what 560---567 


Sun, Arguments from thence 
| - the Earth's ſpherical 

igure 34. 
how it riſes and ſets in 32 
different Zones 539, 


Sc. 638, Sc. 

Sunday Iſlands 
Surface of the Earth, what Part 
continued 92, 288 
Switzerland, why accounted 
the higheſt Part of Europe 
118 


Fo | 
Able of General Geogra- 
hy 1 0---13 


of particular Geogra- 


_ phy 73-23 
of Engliſh Mes ures 25 
Tape 
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INDEX 


Tube of a Degree in diffe- 
; rent Parallels 61 

for finding the Time of 

the Tide 262 

of the Latitude and Lon- 


gitude of Places 677, 


—683 


of the Declination and 


right Aſcenſion of the 
Stars 185 


Tanais, whence it ſprings. 291 


Tangent, See Arc 


Tara, it's Curvatures 318 
Taurus, Mount 134, 135 
Teneriff 132, 141 


Ternati, it's terrible Spiracle 149 
Terra firma, See Continent 
Terra del Fuego 115 
Thermometer, how made 430 
Tides, higher at New and Full 
a than at — 
uarters 245, 24 
high on the Coaſts of 
China and Japan 249 
not ſenſible in the 
Streights of Gibraltar, 
nor in the Baltic, 
249---252 
the Ebb and Flood how 
to be obſerved 256, 


3 
when and where higheſt 
and loweſt 247 
Tigris River 297 


Times of one Place compared 
with thoſe of another 


630, &c. 

Timor 112 
Titicaca Lake 279 
Torrent, what, and how gene- 
rated 289, 290 


Travados, See Ernephias 
Triangles, right-angled, what 20 
Frigonometry, Theorems there- 


- 21 
Tropies, what "£89, $47 
Tan, what 


759, 751 


U 


Twilight, it's Cauſe 460 
when it begins 461 
it's Duration how 


found , £70 
Typhon, what 509 7 


V. 


Aruas, a remarkable Ri- 
vulet Peta 


Veſuvius, See Monte 41 Soma 
Villa Nova, it's remarkable 
Spring 385 

Virgin Iflands, $26 Antilles 

Vitruvius, his "Method of find- 
ing Water 34%, 

\ 344 

His Ln of making 

Springs 344, 3 
of trying the G00 
neſs of Water ib. 


3 
Vortices, See Whirlpools 
Vulcanos, See Mountains, burn- 


U. 


26 


| . W. 


7 Ater, it's Surface of 
what Figure 20 
attracts itſelf 301 
freſh and alt, their 
different Gravities 
352 

it's ſtrange Properties 

| 382, 383 
none pure and ele- 
mentary 353 
mineral Waters, their 
Kinds and. Diffe- 
rences 16. 355» 357 
2362 

Water, 
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Waters, mineral, their Origin Winds, their mo Diviſion 


| 355-357 
their. Differences 322, 


323, 341, 344 


; the heavy, with what 


impregnated 323 
how to be found 340, 


| 344 
Acidulz, thete Origin, 


Difference and Kinds 


363---366 

Spaws, | the 8 
ones in England 364 

why not acid in nor- 

thern Countries 365 

bituminous, or oily, the 

Cauſe and Generati- 

on thereof 371 

where yes” _ 

8---37 
bitter, their Origin 3g. 


where found ibid. 


of a petrifying Qualj- 
ty their Origin 373 
where found 


3732377 


the Cauſes 


thereof ib. 


177 
poiſonous, where found 
ib. 378 
the Cauſe there- 
_ 
eee where found 
. 479 : 
dhe Cauſe there- 
of ib. 
| See Fountains, Ri- 
. vers and Springs 
Wave, naturally diffuſe 
Wells, See Fountains and Springs 
Whirlpools, what and where 


272, 273 


White Sea, See Guldb* © 
us ; Kg KC the Eteſian 


wy mu 


* 


5 
111 17 427 
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0 whence none ore 


GE the South and 


their Cauſes ibid. = 


hence they may blow , 


en rpg to the 
orlizon ibid. 
whence they blow with 

ſome . 3 


477 


perpendicularly from 
the Air, Sc. ibid. 
whence Eaſt Winds 
are more frequent 
than the Weſt 478 


| whence North and Eaſt 


Winds more ſevere 
ibid. 


. Weſt Winds more 
hot 


4 
Signs of 3 


Winds explained 

| | 480 
whence ron ger in 
8 pring and Autumn 
480 


where chey begin — 


blow 


2 452 
how far may one and 


the ſame reach 76:7. 


conſtant and inconſtant 

what * 

general, what 484 
"Ut where found ib. 

4᷑83 

their Cauſe, 

what bid. 


, ated. and periodical, 


what 489-49 
where chiefly bund 


| ibid. 499 
er Monſoons their 


Cauſe, what 7b. 


Winds, in Greece 
509 
wia 


be whence the Greek 
| Chelidonian Winds 


1NDEX. 


JO old, environed by the 
Sea 172, 173 


1 506 E bew, how bounded 10 
whence Etefian Winds how divided 74:d. 
blow not in Italy, it's undiſcovered 
E 507 nan 106 
vrhere almoſt perpetual Woods ike . 159 
ibid. 59 the Variety thereof ib. 


| Rated, what belongs 
thereto ibid. 511 
northern, whence we: 


ker the nearer to the 

E quator ibid. 
* Luthern, whence ſtron- 
ger, Sc. beyond the 
Equator ibid. 

the nt kinds of 
Winds, what ib. 512 

what Winds ſudden and 

| Rrong, but of ſhort 


TEN Continuance 767d, 


Prognoſtic: of Wind ib. 


$33 766 
tempeſtuous Winds 518 


how augmented 292 an 


it's Mouths 311 


Melua. his Opinion of the 
Earth 96 - 


World, old, how divided 1 05 
how bounded : 


— * 
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the moſt noted ib. 
ae Lake | 284 
£ Aerxes, his Expedition 
into eee | * 


v. 


Achaf* Lake | 283 


| See Compaſs . - Zaflan Lake 282 
Winter, whence colder than Zaire Lake 282, 320, 336 
Summer 435 Zambre Lake 282 
| how determined 560, Zealand £ 112 
5 22567 Zeebe River „ 
| Wolof, it's Catarats as Zodiac, it's Signs 525 
Spring and Zone, Frigid, it's Air whence 
1 — 4 312 generally cloudy 432 
wo, where it lows 291 N r — 535 


Frigid, and 


Ne” meaſured 545 
. Row differently affected 
by Light, Heat, Rains, 

> {ag 
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